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^ (57) Abstract: A lithium-containing composite oxide, characterized in that it has a composition represented by the general formula: 
L WaN^i^aytMnfl^ayz'MyOfc wherein 0^x^ 0.05, -0.05 £ x + Of £ 0.05 and 0 £ y & 0.4, and 0.1 £ 8 ^ 0.1 (when 
O 0 £s y £ 0.2) or 0.24 £ <S 2a 0.24 (when 0.2 < y ^ 0.4), and M is one or more elements selected from the group consisting of 
a Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and So; and a nonaqueous secondary cell having a positive electrode using the lithium-containing 
composite oxide as an active material. The lithium-containing 
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AZ, BY, KG, KZ, MD, RU, TJ, TM), 3-D VttftVf 2X¥ 3- K&tfteflDBSffiKO^TI*. S»»fT$*l* 

(AT, BE, CH, CY, DE, DK, ES, FL FR, GB, GR, IE, IT, QtPCTliKv KD&HlC$|tt£*l.TU$ T 3 - KfcBSK 

LU,MC,NL,PT, SE, TR), OAPI ftlf (BF, BJ, CF. CG, 0>#<f * >*/ - h J £#81. 
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 



composite oxide has a stable layer crystal structure and a high density, and thus can be used for manufacturing a nonaqueous sec- 
ondary cell which is excellent in the reversibility of charge and discharge and in durability and exhibits a high capacity. 

(57)g$f|: . 

— flg^L i 1 + x + „Ni ( 1 - x - y + a )/ 2 Mn (1 _ x _ y _ a ,/ 2 M y 0 2 C 
fcfcb. 0^x^0.0 5, -0.0 5^x + a^0.05, O^y^O. 

-O.lsSfl^O.l <fc£U 0 ^ y ^ 0 . 2 © t #) £fc 
tt-0. 2 4^<5^0. 2 4' (fcfcU 0. 2<y^0.4©if) T£ 
ot, MliT i , Cr, Fe, Co, Cu. Zn, AK Ge43«ktfS 
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w m m 

CO>J^^AZ13fettffi©iEai*rJ^i:bT««3fnTVi5L i C o0 2 
LT^/B$nTV>£. brt*b&3&*&, L i C oO a fi#4>&JR"T?*<5C 

i 
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Z\£*)Vmm3k<DV?9A'?>%>Wt{b1tn!&ZL i 2 Mn 4 O g 
, L i 4 Mn s 0 12 , L i M n 2 O 4 fc $tll^ 0 , ^flL i M 
n 2 0 4 #L i fc#UT4 V#iSO«Efli«T?*ftfl|3&«RriBT?** d t 
&tofcffl36#fr:bnTV>S (»B¥6 - 7 6 8 2 4f'A v S, «fM 
5 ¥7-73883 #&3S, 7-230802 -ff&SU if#W¥ 7 - 

2 4 5 1 0 6#&*6&£) o 

id5T v L i C oO,©I»ftt*aa2 7 4mAh/gT»5!JJ 
, 85V^i^«Sff '5 £L i C oO a #ffl3Efc£iB;ibTlM#;i'^f&fc 

10 til 2 5~1 4 OmAh/gOteBfcfcS. 

tniCfbt, L iMn 2 0 4 (Dliti§iftl 48mAh/gT 
^CLiMn 2 0 4 t)LiC q O a £E8fc5tett*'f , K:ffl3£fl5£ 

15 tt&Kf£9 0~1 0 5mAh/.gggili / >LTb^5. Z. (D Z. t.ifi 'a 

L i Mn s 0 4 SjESfil46lRtLT«[ffir*«'&k: 

rau l i c o o 2 ^iiffi#ii ixt ffltsi^i o 

LiCoO 2 0lW4. 9~5. lg/cm 3 t$5©l: 
20 Mb, LiMn 2 0 4 OXit}i4. 0~4. 2 g / c m 3 t 0 

S&fc, L iMn 2 0 4 &iE@«|iItLTffl^fciJ5 1, ?A^ii 
25 , U"-f ^^«p.tt3»«L 1 CoO a *«?fiJ;t)%)J5VitV»5raii%)»a. 
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L i MnO a &£0JBtt0U?£A^>#>»fc4&*IE : B*t# 

09*. rar, ^tr^iiu? 1 ^ at (LiMn 2 o 4 ) ©aa 

A #l& te 3S**« & U T 4* A © X \L * )Vm&& 6 4 -> t ffi fc-fc * 3 
10 CU LlMnO,*»»B6Sn«. H©i;frAa s & IE* A^OffiSfcftK 

4 v ifi mm rasam $ n 3 ±ib u # a i J£ © ft V>j£f » T 

Sfc, LiiMnOi^Ht (Li/Mn) felilfci^tB, 
15 3#OMn{C«k§-V-> • 3&#©fc*fc v L i Mn0 2 ©^ii 

jftfcM*#A*S3*f. 

Z.<Dik&m (LiMnOy) tt, Li *J**«0~ 1 . .0©I8HT?M 
fc¥Wte&S*#*Itrc*lK Slfc±tt*S2 8 5mAh/g5)|[i^i 

20 , *¥*)vmmi&^ sj8§©as&«ft»£ 2 

&B©^ft*ffi»#Sfc*##£ST£frT?fc<, 3. 5 V^±®«JBE 
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10 «. 

-fftfrl?, #58B©U^£A^#«£«fc<»tt» -j&iSL i 1 + x + a 
N i (i-x-y + s) / 2 Mn (1 _ x _ y _ a) /2 M y 0 2 C&sEU O^x^O. 
05. - 0.05^x+d!^0.0'5> 0^y^0.4T&9, -0.1£ / 
6*0.1 (fcflfU 0*y*0. 2<D£%) tfctt-0.24^fi^0. 
15 2 4 (fcfcU 0. 2<y£O..40fcS) T&oT, MSTi, Cr 
, Fe, Co, Cu, Zn, A 1 , G e £<£tf S n £>&51*ft £SiR 

+ x + ,N i d-x-y+a) /2 Mn (1 _ x _ y _ a) /2 M y 0 2 CfcjEU 0^x 
20 ^0.0 5, - 0. 0 5^x + a^0. 0 5, 0^y^ 0. 4Tc5D, -0 
.1^6^0.1 (fcfcU 0^y^0.2©£#) ^fctt-0.2 4^(5 
^0.24 (fetch, 0.,;2<y^0. 4©£#) tJ^T, MttT i , 
Cr, Fe, Co, Cu, Zn, Al, Ge^i^Sn^BftS 

25 oT, £*>N i ££tfMn£$/&7Ufii«?:b 
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iBJEffii&«fR#, i 1+x + a N i (1 - x - y + 4) /2 Mn (1 _ x _ y _, 

)/2 M y 0 2 Cfcfcb, 0^x^ 0.0 5, - 0 . 0 5 + 0 . 0 5 
"5 , O^y^ 0. 4T?%> -0.1^6^0.1 (tcfcL, 0^y^0.2 
^fc»'-0.24^5^0.24 (fcfcU 0. 2<y^0.4 
(Dt%) fJBoT, MliTi, Cr, Fe, Co, Cu, Zn, Al, 

10 - 

15 E[$r/t^->£3KTBT?fc5. . 

0 3 tt v ^BjCDHJfi^J 9 Lfc U A^w*'&aft:*©x« 
05f A° ^ - > ^^-f 25 § o 

0ft A * - y £ EI T & § . 
H6tt, *569iCD.HflSL«f>Jl, H»J6, 8 , it»J 1 J£ 

25 
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IfiWWU^^A^rWa^ttfttttt* -jRSL i 1 + X + 8 N i (1 _ x _ y + a > 
/2 Mn (1 _ x _ y _ a) /2 M y 0 2 Cfc£b, 0^x^0.05, -0.05 
^x+8^0.O5,'0^y^O.4T»D, - 0.1^5^0.1 (Tctc 
5 U 0^y^0.2O£t) 

0. 2<y^O.'40if) T?*-pT, MttTi, Cr, Fe, Co, 
Cu, Zn, ; Al, Ge6itfSn*5«i:«*A»5a*?«n&iia± 

Ni tMnOitt^l : 1 L&» £ < fil Sftfc 

15 4fc#teT?*S£V>'5HJ!I**£M. Mn©«£4lilfite:jSV> 

#3gM£>&, ±fBi£®fc:#LT«, L iMn0 2 f:Li$Iifct 
20 f«tTMn©^«»S**<t<5^ LiMn0 2 ©Mn£, 

©U3 L £A^W^£MMl££££M^#37Glit> ^^.SCo^N i 

*©tt*, N i £Mn©*itas> 1/2 : 1/2, f fcto5 1 : It 
25 )5:5L i N i x/2 Mn 1/2 O 2 ©-fi£jS;T^£tl5if&/i&£g$<!: l/T, 
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Jfc# 1/2 : 1/2 fr&*n-entf/2*J;tf- 5/2fc*itfn, Li 
©*H:^o«lt'B*#l/, fr^, Ni^J;0!MnMn-?ny/2fo 
7C^M (fetch* MfiTi, Cr, Fe, Co, Cu, Zn> Al, G 

5 TfcfrlS, -j&SlL i 1 + X + 8 N i (1 . x . y+tl/2 Mn d-x-y-» 

)/2 M y 0 2 ifctch, 0^x^0.05, - 0 . 0 5 ^x + a< 0 . 0 5 
, 0'£y£ty. -0.1£«£0.1 (fetch, 0^y^0.2 

©t*) $fcli-0,24^^0.24 0. .2<y^0.4 

"T&oT, MttTi, Cr, Fe, Co, Cu, Zn, Al, 
10 Ge*£tf Snj&>5fc*SfrSaft3n&l«&±05B*] T^StlS 

unit U^9^***^«ft«4»OMn0¥^ii»^4ffijfi^Ofll 
(£«J;^3. 3~4#) *^<5Ht, MiTOL i©H-^<t« 
K-7©lfclc, Jiil4»©Mn©l>«i3fi«ai1lPlsn*Citt£K:J;*'b04: 

20 (XAS) ElJ:DW£L-fctt£J8V>fc. 

&#|j&7G3& <h LT^tf U ^£ A^W^£m«Kl*fU C u K ai8l£/8 
VifcX^tU^faiJ^^fr^ ®«fA2 8° #ifi££tf4 4° tfiS 

25 Kite, LiNi0 2 O (003) *«ktf (10 4) OiJfK-^fcfia 
t -SHUT tf-^'^-en-6tll*1*^#ffib, j&O, 6 3°~6 6°<D$g 
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WMts (10 8) (110) ©iii»ft!-^fc:ffia'r*2*©ig 

JffcT- *-©l38r/ , **->«L i N i 0 2 

set, isi#/^->&t*fflfc&fi*ufciMi, ±iai 8° #iEfc<ttf 
itKi 44 tbfc"tfrc, -?-©tt 1 44 /i is*** o- 9<i 44 /i 18 

£1. 2 (££U 0^y^0.2Otf) , £fc«0. 7^I 44 /I 
:8 ^1 (fefcU 0. 2<y^O.40tf) ±13 6 3 

0 - 6 6° 2*Oia*ftr-^©IlIJfA (2 0) ©i9 

10 , 0. 3° ^0a^O. 6° (&£U O^y^O. 2©,hit) > 

ttO. "5 5° £0 a£0. 75° (fetch. 0. 2<y£0.'4©£$ 

E© £ 3 fc U ^£ A£*«£Rfc«©3fctt*ffi»WU * e*>3!©* 
jg£WT5L iMn,0 4 iHSIl:, 4 V#jfi©«JE««T ©*»««« 
15 pJ«gT&D> fi£*©IE«?S<»* , r**L i CoO 2 0ftiibttfflt 

5 5~4. 9 5g/cm?"ii:fMt)5:l3, *v>#«x*;HF»-ft« 
20 =nK£-Rfc«©affi&tt, *-©»ri&fc:J:D:fct?<3E'ffc"r*a«, ±|B©& 
L i C o0 2 ©X^£i£V>*#M£&5fc©£^*-£n3. # 

fc, it¥mWiik\zmmi&®tz\t±zts:mt'&Q, -o.ois^x 

+ a^0.0 15fc*l>T, *«fc*4. 7 g / c m 3 m±©iU^g^-& 

±JEUfcJ;5fc, *36B©U^#A^W«£»ft*tt, L iN 

8 



WO 02/40404 



PCT/JP01/09967 



1 1/2 Mn 1/2 0 2 £>«fc5 \Z, NliMn*tl : 1 3 

MOmtkW 1:1:1 T&fc^-j&iSL i N i 1/3 Mn x 

/3 M 1/3 0 2 l?i$ny=l/3 i)5:5^0jfi^l;$^T. #£^tl 

±IB-^^L"i :+x + a N i (1 - JC - y + fl )/2Mn (1 . x . y ., )/! M y O 

2 MttTi, Cr, Fe, Co, Cu, Zn, A 1 , GeiS 
£tfS n#6&*»i!5IRSnS: 1«EU:©7G*) C£V>T, O^y 
^0. 2©t&J$ttfflT!tt, N i «hMn©*Jt©Tft (5/2) tt/h$V> 

10 ttU^tfgSnfcHjB*, 0. 2<y^0. 4©ifi^l6BB*T?tt, «ffi*Jfi " 
OSSffett3^J;Di«<fet), J£-ffi;WJ&£n^T NiiM 
n © «Jt ©m*** IT < ft -d T % g «| t T 5 U ? # A ^^rtt^K-fb * £ 
#5Jli*JTf*5. Zl©fc«K "±|B-«*K:*VJT, O^y^O. 2© 

tsictt, a©£Df#£f5fflte-o. i^<5^o. i£3fcv*©te#u 

15 0. 2 <y ^ 0 . 4 O t f fc«v 5 0 1 0 flSlfii^ - 0.24^5^0 
. 2 4 £j£<&5©-C&5o , 

S&fc, 0. 2<y£O. / 4 0&fi!&ttHfcfcV>T«, 0^y^0.2© 
*&ricttH©fc-&*«k D <fc*fc«>, «fc 0 Sgfi-ftfciSb 

20 0. 2<y^0. 4©m^f5Ht^ViT J E-©^^S«^«t J E-4. 7 

5~4. 9 5g/cm 3 ^a550l:^L, 0 ^ y ^ 0 . 2 ©ffi/^iBS 
*V>T*©J*$BflE«*«k;f-4. 5 5~4. 74g/cm 3 T?$5. 

H21Tf, y©±Kfc£0. 4<hLfc©«, y>0. 4©,«, Tftt) 

25 fcRffi^*«n, fc£*©ft£tt#*fcfcnsfc2©raH&£C"*T 

9 
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mz, ftjftm 3 0 6 4 6 5 5 #&?8, 9 - 1 9 9 1 2 7 #&Sft, 

10-699. 1 0 #PB 200 0 -294242 ^f&$g& 

OitNitMn^l : 1 ffi#®|g&n£aaj0ttSHfc*ViT, mzmtl 
U ^A^tl^^il^i 5 fi* £ * H a* L fc fe ® "T? fctfc 

*izmKm&^izftifiLu\,*zttfm®tm%.t>ti2>o 

£ft£#i£> L i <D{k$y>}b*Mi$.?%z\b\z&Q. *^BJ©U^^A 
^Pfrtt^ttfcto©*-*! Sf'ifclftWM 5 i V> a *D Jl ft 

20 fiScit^t, jin^L i (Dit&mtmzmf8.Tz>z.£\z&r>, 

j$Kjfo\z&\,*Tmm&m7tmtfi%-\zftifiis. w-m^mifi^^ 

10 
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LT#Sn*fc^ttfc£*;8V>ntf«fc<» Ni 0 . 5 Mn 0 . 5 (OH) 2 
, N i Mn 2 0 4 , Ni 0i 6 Mn 0 . 6 OOHftf, Ni tMnOStti 

(MBT1, C'r, Fe, Co, Cu, Zn, Al, GeMI^Sn^ 

M n t £ 6 K: M ifiisn £ nfctt^fl:^* * ID ib 6 ffi V>3 £ * L/ 

±IBL i (Dit&mtLTte, f*©'Jf^AS$ffl^5^t^ 
15 T?#, ^MfcfcU^A «»U^*A, JfcflfcU? 1 * 

A, WttU^^A, JMbU^tfA, &fcU^£A, ^l>i'Jf9A, 
^yfcU^SA, 3^bUf-^A, ?L®'J3^A, S/jz^KU?-* A, 
U^KU^^A, fc^Hf^K'J^A, JMV3^A, Rfc'J^Afc 

20 ^osifttiij^ssRBer^xjwsB^ufev^-e^mftiU^^A • — # 

25 43£*-7 0 0-110 O'CTl^a 4B*M»j£-r*£fcfcJ:tK 

11 
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mj&umte&uLTKfo*mnz^%ztiim£L^ 0 z\n\$, *5zw 
m\z±c fm±ft®zm&vTmmm\zv?vhttm£m<km**k 

2>M&\Z\Z, L i Oit^t^fSi< i £ n £$$7U^ £ b 

15 fcftfflSSttS'&OTftfcH**. 0. 5~3 ommnfeT*fi?L\%°& 

20 TX7«j-^:i, jttafflaR-^s^tt^Tf 3 o~6 oftmnmuGh 

12 
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±m%z<DffimtLx\t, mw&mi oog^fcoi dm 3 /^ 

, Mn 2 0 3 ^L i a MnO a fc£©*tt** J 4J$b'*» , f <fc*. 

S#£-#fbLTfflV>3o SfttbTteU fl];U^ 7^5 

15 §5. 

20 #*#oTV>5fca£>, *««EiS[«^«[«5|5»lTf©*JEEI»T*«*#<)6:*i 

v>5isi]Ba*$S£u**rv>. b*>u tffiittfcatis'jf^mn 

25 UAL l'Co,. t Ni t 0,!!i:2Oft^*t>ffi^*Ct*«Tt«. CI© 

13 
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5 LT«, Li-Al^, Li-Pb^, Li-In^ Li-G 
a^£®'J5F^i^ 4 Si, Sn,Mg-Si^£, W 

flSbfcfeOSEHTfeJ;^ S i I, 

15 .fcoTfeSfc***, -ISttHlt (iEafi&«SOHft) / (£SJ£&* 
.©Si) =1. 5-3. 5 t?ZZii\Z&r), ±lBU3 1 tf 

OH) = 4~7£i"Sj?>#S£LV*. 

14 
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^©<fc?fc$jt:|*xX7 i ;i'iLT&, 0y*tf» S?^?^* 
-#*-K 5?X3\n/#-#*-K X^\H/*^;i>;&-#*— MCftSJ 

@kU£*i£l/TJB^T i &J:<, #KH£i&#tt©3feS0&«>K:«, ±ia 

3 0W) XXfJl'SI^lT^SCt^Sl^. £©J;5& 
XXx^©IMfc0!)£:UT«, WAtf, X^l^rt-tf^-K ^ntfl/ 

>*-#^-bfe^©aitt#3fi©xx5 t ;p3& J «fcDff*bVi. 

4>10fti%Pi±, #£2 0*S%£(±^fStl5^t^St^. S 
20 fc, £ffifWte©j6#&«, 4 0#»XTOffSb<. 3 0M%^T 

±|Bfl**©i?^X^T-;PK^Ic#fflRriB^»jB|ilxTtt, 09 
*tf, 1, 2-^*h*->x*>, 1, 3-mV7X fh7tF 

15 
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Gmmmfcmffiz^zmBmtLTfc, m*.\t* l i c 1 o 4 , Li 

PF 6 , L i B F 4 , L i AsF 6 , LiSbF 6 , LiCF 3 S0 3 > L 
iC 4 F 9 S0 3 , LiCF 3 C0 2 , Li,C,F 4 (SO,) 2 , LiN 
(CF 3 S0 2 ) 2 , LiC (CF 3 S0 2 ) 3 , L i C n F 2n + 1 SO- 3 ( 
5 n^2) ^2*«JilfflT?*fctt2aK±S'&bTfflV^6n*. *Tfc> A 
fffc3fcifc*#ttj&*#&n*L i PF.^L i C 4 F , S O a &£#$?S b 

»&V>#/0. 3~1. 7mol/dm 3 , ^C0. 4~1. 5mol 
15 0/&?£<, *-®«fc 3 5 ~ 5 0 fimOmtEX. tfU^Dfcfl' 

(H»J 1 ) 

25 Rjfcggl'iKlJjc&fls:*- h U V&vmMzk 9 pHJIU 1 2 fcfliSL-fc 
T^^-TTK^ffllcL, £*l£3£if#bfcat£, H©*fcflE»:i?£r;P 

16 
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3. 3 cm V#©ffl£T£:»$>:/£ffl^Tii8TU NiiMn®* 

5 1t, KfaWKDvHtfffi 1 2#iEK:3St#!f$n* 3. 2mol/d 
m 3 ©«©*&#;:*- h U £ A*»«0irF*>EI$lcfrofc. 

£ 1 dm 3 /#©fiJ£T/1-:?bfca*e£^$-frfc. 
»&nfc4jfc*£#8s, NitMnSI : 1© 

10 ffl'& , C£'W , r'5*Rfc4l>£U C©*ttft«0. 2moli, 0. 19 
8mo 1 ©L i OH • H 2 Ofc£ff«U ^(DUG®)**-* J —JVUft 

?mzXft, 1 dm 3 /#©£^»ft* t8 0 0 t^TMU 
15 «7?2I^Mft»r*CilcJ:D.^«JinJ»*ffV^ £&fcl0001CK:J¥. 
taiTl 2B&Mtt/£T*c:£lc.k!> U 

20 5, L i 0i „N 1 o. 5 Mn 0 . 5 0,T?HSn5aiSf ftiCtW'S 
ft. ±IB^«0«l8»#fSfT5fc»fc» &flMI;fc¥SR"fe>* 

~©0«^/JnMM«;"3-~o^" (ftSill!) OBL4k-A^ 
~h£JBV>T> MnOX»KJR^ (XAS) £frt3fc 0 ft^tlfc^- 
^©$#rte, XiiK [Journal of the Electrochemical Society, 146 p2 

25 799-2809 (1999)) fi?#rV7b "REX" (L) . 
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mD->7)ltLT, Mn0 2 £<fctfL i Ni 0 . ,Mn,. ,0 4 

n 2 0 4 (¥^«#3. 5flli©Mn**'r*ft^*iUT©«*'iJ-> 
. L i Mn0 2 £cktfMn 2 03 (t^e'bf^WSiOMn 

;p © M n © g MfflfoW. t M n ©lffi$c t <D m& * HI 'JiE^ £ * * , 
±fBte£*©Mn'0K!RJK$ffiiBJ&*, MnOjtitfL/N i 0 . 6 Mn 

io n<D^mmt\m4mt^^Tco 

i N i o. 5 Mn,, B O 4 £ K!ftJR«8ffi«d«K«lRl o fc £ £ tf> , 

15 ±lBte£-$j©N i ©^ffi|[ttfi(S 2 itife 5 Jl i^ig^tlfc. 

*Kfls4&0'. 19 8mol'i, 0. 2 0 2mo 1 CL i OH • H 2 Oi 
&ft*U ^THWJl tmmzVXL i x. oiN i o. 4 9 5 Mn 0 . 495 
20 O a T?*3tt*U^2A£#tt£»fcttft£jfcbfc. 
(^WJ3) 

*3WW1 tW«k:L/T/&J*UfcN i iMn*l : 1 ©fiJ'&T'^Wrs 
7j<^fb%0. 196moli, 0. 2 0 4mo HDL i OH • H,Oi 

*ft*u &,rmMmi tmmizLxL ij.02Nio.49Mno.49O 

(§t|»J4) 
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*««liP9ttfcl/T^l/fcN i £Mn£l : 1 Ofd^T^WTS 
#»fcft0. 194molt, 0. 2 0 6mo 1 OL i OH • H 2 Ot 
&ff;tU &T*mmi tm#\ZLTL i x . 03 N i 0 . 4 8 5 Mn 0 . 48 5 

mmmi tmfeteLT&j&vtzN i tun* 1 : i oii'&Tfgr#'r* 

■jkWtfcVs0.j 192moli, 0. 2 0 8mol©LiOH-H 2 Ot 

znmv,' urmnmi tmm\zvxh i x . 04 n i 0 . ^.Mn,, 48 o 

10 ($%ft|6) 

iRttfcbT'&dcbfcN i fcMnft 1 : 1 CDSJ^-p^Ta 
#ftfl54&0. 19molt, 0. 2 l.mo 1 ©L i OH • H a Ofc£ff 
*U KT*««1 ifliKUTL i j. 05 N i 0 . 4 „Mn 0 . 4 7 5 0 2 

15 (*lfiW7) , 

«E«-yir;i/ v ^M^>^>*J:«mnA;i/hSr^n^nO. 9 m 
ol/dm 3 , 0. 9mo l//dm 3 *3«t^0 . 2mo l/dm 3 ©i^ 

i, Mn^ickltfC o£4. 5 : 4. 5": 1 0«aT?'&*rr**MsttS 
20 tmniZVTL i o. 99 N i o. 4S Mn 0 . 16 Co 0 , 

(mmm s > ,;• 

mol/dm 3 , 0. 7 5 m o 1 / dm^i^O . 5mol/dm 3 C 

, L i o. 99N i o. 3 7 6 Mn 0 . 375 Co 0 . 2 5 O 2 T^$ *13 U ?V 
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(#I»J9) 

mol/dm 3 , 0. 6 6 m o 1 / dm s fc«fctf 0 . 66mol/dm 3 
T, L i o. 99 N*i o. 34 Mn 0 . 33 C o 0 . 33 0 2 TS^n§ U^^A^ 
0) 

10 ol/dm 3 /0. 6mo .1 /dm^itfO . 8mb 1 /dm 3 0i^ 
i o. 99 N i o. 3 Mn 0 . 3 Co 0 . 4 0 2 T^$tl§ U A^fS^tft 

15 0. 2mol0LiOH-H 2 Ot, 0. 2mo 1 ©MnOOHtS 
m-§k<DZ~Dte\ZXtl, 1 dm + 5 CCT? 101$ 

20 (it»J2) 

mmmi tmmzLx&f&LrcN i tMn& i 1 ofy-s-T^wt-s 

18mol^, 0. 22mo l<5LiOH>H 2 Ot^ 

*u Mrmmm 1 tmmizLTL i ^ jN 1 0 . 46 Mn 0 . 4B o 2 -« 

£ ft S >J 5 1 £ A ^«^ttfl5« L . 

25 (itMJ3) 

tHT>^>^j;OT3 A'JP h ^ f tlf n 0 . 5 m 
20 
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ol/dm 3 , 0. 5mo 1 /dm^i^lmo 1 /dm'OlJ^ 
. 99 N i o. 26 Mn 0 . - 25 Co 0 . 5 0 2 Tg£n5U ^A^^M 

Ca^b/Co 

5 (tttfc#J4) 

ol/dmj, 0. 4mo l/dm 3 ^i^l. 2 m o 1 / d m 3 Offl«& 
i o. 99 N i o. 2 Mn 0 . Z C o 0 . ,0 2 Tasn5'J?!?Atf S^Sft 

10 %<&-&^brc, 

(JtttW5) 

W«-y^;p**^W»T>^>f-€-n-6no. 5mo 1/dm** 
<fctf 1. 5mo l./dm 3 ©ill^T^W"rsM^7jc^^$^TL,fce:i 

skmznmmi t^ictt, l i 0 . 99 n i 0 . 25 Mn 0 . 76 o a T?« 
15 2nzv?v&ttm&nik®£&mvrzo 

2mol/dm 3 , 0. 6 m o 1 / d m 3 1 Lfc d tSkfWtmffiW 7 <h 
. l^^tCbT, Li 0 . fl9 Ni 0 . 8 Mn„. 3 Co 0 . 1 0 2 t^5n5 U 3^ 
20 A$W«^»fcto££jfcbfc. T^t>-&, tt«fl|6 0'J^mS.^ 

(##0J) .;■ 

0. 2mo 1 OL i OH • H 2 0 t, 0. lmo lCNi (OH) 2 
0. rmolOMnOOHtSffll, I1I#-;V5^T3 0^ 
25 MiS'&bTffifctttU ^n$7JV5ti©5^Sl:An, 8 0 0t)O 
+ 0ttMffij$U L i N i 0. 6 Mn 0 . 6 0 2 ©Wi$tl5 
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«1 





[L i 1 + x + a N i (i.,.» +() /!Mn u-x-y-«) 0 2 ! 






X 


x + a 


y 


6 




T 3 • TV.T 3 Tl r _ /"\ 

L i o. 99 N i o, 6 Mn 0< 5 0 2 


0 


-0. 01 


0 


0 


3feJM0 2 


^ i i. oi N i o. 49sMn 0 . 495O2 


0.01 


0.01 


0 


0 


ftMW 3 


L..Kl. 02 N 1 0. 49Mn 0 , 4 9°2 


0.02 


0.02 


0 


0 




L i . * q N in i a b MD n j « eOo 
* 1, 0 3 11 * 0. 485 * 0 . 4 0 0 w 2 


0 03 


0 03 ; 


0 


0 




L i 1 A x N i n ^ 0 M n n * q 0 9 

* 1> 04 0. 48 * ¥ * " Q . 48 w Z 


0 04 


0 04" 


n 

V 


0 




L i 1. os N i 0, 4?5 Mn o. 475O2 


0.05 


0.05 


0 






L i 0i g9 Ni o. 46 Mn 0i 4B Co 0 

. ^ 2 


0 


-0.01 


0.1 


0 




L i 0, 99 N i 0t 3 7 6 Mn 0i 37S C 
0 0. 2 5 0 2 


0 


-0.01 


0.25 


0 




L 1 o. ggN i o. 84^n 0) 8sCO 0 
. 3 3 O 2 


0 


-0.01 


0.33 


0.01 


H3SM10 


L i o. 99 N i 0 . 3 M n 0 . 8 Co 0l 4 

o 2 


0 


-0.01 


0.4 


0 


lfctt«l 


L i Mn 0 2 


0 


0 


0 


-1 




L i 1. X N i 0. 46Mn 0i 45 0 2 


0.1 


0.1 


0 


0 


tt««3 


L i 0i 99 N i 0 . 25^ n 'o. 25CO0 

. 5 o 2 


0 


-0.01 


0.5 


0 


JtttftM 


L i 0. 99N i o. 2Mn 0( 2 Co 0( 6 

o 2 


0 


-0.01 


0.6 


0 




L i 0. ggN i 0. 2 sM n 0. 75^2 


0 


-0.01 


- 0 


-0.5 




L 1 0. 99 N 1 0. «Mn 0i 3 Co 0i j 

o 2 


0 


-0.01 


0.1 


0.3 


# # 0tj 


LlNi 0 , 6 Mn,. s 0 2 


0 


0 


0 


0 



^^b^J«, Sft<Z>$j££WT 5L i N i OatSHHOXaisHft/t*- 
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>tt, L 1 N i O, t(4ftft5^iO/l^->T*ofc. 

Jt«!«f!l2*«k^tt:ttf!l6fc^ViTtt, 5tt<Z)&J$K:jSB 

5 6 3 ° ~6 6° Ottfflfc#fcf *®3?£-#a*2*T?»ofce: <hfr&, 
»6ttfc»ft;*ftt, LiNi O a i:a<H©*jfi*Wr«5U9 : -^A^a 
^■»ft«0#-ffiT?»*2:t^aiB*nfc. 63° ~66° 0® 

H fc#ft-r S EI jf If - ^ tt,- CuOKa^CiS tf-# £ BS IT 
, Ka a BK:J:<5If-^t>B»6tlfc«5\ V>T«, 6 3° ~ 

io 6 6° ©«Hrtte#£-r*igjTfc:-££LTtt, MK a l&fc** tr 

±iE®5£, H»J8> H%«|9, tt»H££t#J£»J 

5 <D X ttHtfr A * - > * 0 1 ~ SI 5 t L TMk b fee 

1 8 ° #ififc «fctf 4 4 ° tf &©|El#r O^^^S I ! 8 * 

15 1 44 ®jt (144/118) 63° - 66° commute? 2> 2 

ifimtZ?T& D , SfcJtttW 3-5 $3.k U 
ftft-Ctt, g*B©£/&fcJ;PK 6 3° ~6 6° 0|6fflfc« 3 #£U:©IeI 
20 SfK-^**#ftLT^fcfc», *2fcfi*nS0fc'&4»©7 f --*SI2« 
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%2 





X M 13 Sf ffiH £ 


/ t y t \ 
( I 44/ I is) 




mmm l 


1. 16 


0. 61 6 


If,- tfrnf 


1 1 >t 
1. 14 


0. o4o 


r f r rj* fni rt 


1 10 


n son 




1. 11 


0.435 




1.08 


0.510 




1.06 


0.555 


*Jft«7 


1.04 


0.553 


£111*18 


0.88 


0. 672 , ; 




0.83 


0.700 ■' 




0.77 


0.617 




0.99 


0.625 


Jt««6 


0.83 


0.600 



mnmmit I 44 / I 18 tt0. 9-1. 2©ttHK:fcD, #0, ®$ra 
15 CiflaiJO, 3° ~0. 6 0 0>$5Hfc:&^ fc„ 0. 2<y^0 

. 4T&3^JSF!l8~ 1 OTJS, I 44 /I 1B B0. 7~l©$gfflT, 
flattO. 5 5° ~0. 7 5'° ©fSBTfco fc. — iftJ*5ft«*56WO 
®ffl^S^nfclt^M2^J:yCttM6T«, I 44 /I u ^9a . 

20 , MfcO^'SK:, 6 3° ~6 6° ©ISBfc: 3 #&±©BSf 

. -€-©ig^$^3 Id^bfco fcfc, aH£«iS«**T± 0 . 0 3g/c 
25 m 3 T?£-pfc, 
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10 





MBS. (g/cm 3 ) 


1 


4.74 




4. 72 




4.68 




4.65 




4.62 




4.57 




4.75 


nmws 


4.76 


H8509 9 


4.80 




4.82 




4. 20 




4.38 




4.83 




4.90 




4.46 




4.65 


# =t w 


4.61 



15 

.5 7 -4. 8 2 g/cm 3 .i^0, &£tt^»i3tmj&* Tftfc> 

■fe-O.Ol 5^x+ 0 1 5T?$>%>mMMl, m&M2&&zfm 

»J7~ 1 0 £&V>T> I^gte4. 7 g/ cm 3 &± & 
20 ofc. *T?t>, TciMTCfliy^O. 2<y^0. 4 «i: Lfc^J&fll 
8~10T(t 4. 7 6g/cm 3 £(±©It)^fW#^nfc. 

t>*^\z?nrz®.l&<D\ki&M2 \t, 4. 5g/cm 3 KTO/J^)5;IT 
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. 1 g/ci 8 (0L, i C o0 2 ^ftiLT£j&Lfcfca£>T&l9, 

*'56K<Z>***8 1 ~ 1 O-*£tfJttt09 1 ~2 ©U^A^ff* 

^mtrnz-o^T, &T\z7fi?%mz& D*«M*sikbfc. 

- 2 -tfDU F>ft2 5 OSfMM*., 6 OrtMLT^U^y-ffctf 

15 £ 511^^:^777^ h 2 5HS«ftftl*., ft#m7'J-tt©a 
^^H©Lfco £©&&ftJS3 2 0 iim07;l/5-C7A?SOS®^- 

BfrLT, ™^^19 0"/imti4 8 3mm, i5 4mm0MiEI 

20 ±IBCDJ;"5k:UT^«l/fcjE«t, U A««k 0 ftSHSftJBV^ 
«-«a£©Wteff3 2 5 /imOtWJxf l/>7^;PA)i^^t 
/1l/-*ftlBBU ftlfJM^A-^- h 

iOflcfllJtl : 3 0S-&*JiK:L i P F , ft 1 . Omo l/dm 3 0S 
«T##*«fc#7K»ttft*#«fcbTfflV^ U^£A©#!B«aftE 

25 lit, jE«©tteMffffi#0«ftftfc*3£T;fc. 

jEffiOffiafc'#-rs«»«a[ftO. 2mA/cm 2 tLT, ±IB«ft 
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ft4. 3Vi;T5femU H£*»E$Bfin?3. 1 VSTftteStfTftM 

mAh/g) *<ktfJ|Mfc#ft3&0 (mAh/cm 3 ) Icillfcli 
LTi4l;iLL fcfc, &fiB09l« ^IMI6> H»J8, Jfcflfcfllfc 

£0 6 fc^bfc.* 



10 



15 



J. 








* 1 






(mAh/g) 


(mAh/ c m,2) 


i 


148 


702 




145 


684 




143 


669 




141 


656 


5 


139 


642 


^lis^i 6 


136 


622 


MM 7 


150 


713 




152 


724 




153 


734 


§SS50!llO 


153 


737 


• it&M 1 


70 


294 


tbiSE^J 2 


•112 


491 



1 - 1 fl O'J f !>A*mKfl3*fi, 3. 5VK± 
0*V»*Mtt7?©f^»*tFrtBT»O, 1 3 6-1 5 3mAh/gi^ 
20 €rfettf8«taS^bfcs5«, itlfcMl, 2T}il3 0mAh/gPiT©S 

¥ffi:fli|ISfct)0iS[**afc»»-r*i*cDgtt«kO 

(^WJll) 
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9 2ft»g&, AJ6IM&4. 5KS$, *-^>^7^b. 5jt«g&, 
#U 7yfttr=U5r>3M«*«^bTf^«bfc^-^ b£7;i^X 

10 A^e^S-fe/^U-^^bTjRlHlb, IMtUT, x^l/>#-# 
^-hiXx^^^A-^^-hiOfraiJtl : 2 0S^8»fcL i 
PF.Sl. 2mo l/dm 3 ©iM»$tfct)C^H, 60 0 
mAhOMORflfffl^Tfc^&mmSfPftbfc. lEMmVlMtM. 

15 tel. 9fcbfc. 
(i!^12) 

, Li C o O 2 £ 3 0^fi%Of!l-&T®-&bTfflVifcc: tEWSl^M 
1 1 t|^«0«I^T?*7K-Jfc*»*^«bfc. 
20 (Jttt«7)- 

-*Wfcftfl!StlTML iCoO 3 *ir)!LiNi 0 , ,Co 0 '. 2 O z 

*»*f^«b&. 

, u--i > ^;^««k^?staK i il5#tt^Mbrc. tM^Mfrttttv ic 
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(6 0 0mA) omaffiTfftftMfT-s&t*^ 9 )WMb<Dlfc% 

^5 



10 



m m 


m « m « r 


§11! 


3 * (X) 






mmmu 




9 6 


9 7 


H88M9 


9 8 


9 8 


mrnmu 


gJSflJ 1 + L i C o O 2 


9 4 


9 6 






9 2 


8 7 


L i C o 0 2 


8 8 


9 1 


L i N i o. a Co 0 . 2 O a 


9 3 


9 0 



15 *mw<Dv?v&m£Mikv>}*jE®%%intLT%^rcnMmi 1* 

t*&nTVi*L 1 C o 0 2 '&5V>teL i N i 0 . 8 C o 0 . 2 0 2 £IE&K?£* 

gffiftl 1 1 £HJ&01J 1 2 ©SffiS 2 C ( 1 2 0 0 mA) T&m 
***5 2 5mAh*C*ofcOlC»U ftjfiftll 2C«?l!lTtt5 7 3mA 

ft:* aj§ o U A^*tt^K-fb« i/T ffi v> & £ fc. k: <k * «b 
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mnmi 3) 

3 sic, ^mmm^thx. s i 
10 «> set ^js^j 1 1 £iwi-tM x^^m^*&^7 

15 ft*l$©iEMtt*^©Affi#Jft*3n, *JE*T*««^l/fc'fc«)t# 

EJUBJgHb&«fc3te, #»BT?tt, -J&sSL i 1 + x + <r N i (1 _ x _ y + 
20 , )/ ,Mn (l . ll . y ., )/ jM y O, ifcfch, 0^x^0.05, -0.0 
5^x + a^0.05, 0^y^0.4T&D, -0.1^(5^0.1 (& 
£U 0^y^0.2©£#) Sfctt- 0.'2 4£0£O'. 2 4 (fcfc b 
, 0. 2<y^0.4©<h#) T&oT, MBTi, Cr, Fe, Co 
> Cu> Zn, Al, Ge*<k^SnA^fe5P^M$nfclf^ 
25 ±05gSH T^£ft5mj&&WT3 9, &A;|fl£©£&&#*A 
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.v. 
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ft # © 15 S 

1. i i +x+II Ni (i-x-y + a) /aMn (1 _ x _ y _ fl) /2 M y O 

2 tfcffh, 0^x^ 0.0 5. - 0 . 0 5 ^ x + a ^ 0 . 0 5 , O^y 
5 ^0.4T&D, -0.1^6^0.1 {fetch, O^y^O.20tf) 
2 4^tf^0. 2 4 (fetch, 0. 2<y^O.40tf) 
T?&oT, l^teTi, Cr, Fe, Co, Cu, Zn, Al, Ge£<J: 

10 2. t&IBU^£A£#*£ttfc**«, 4>fc.< £*>N i ^WMnS8 
^Tcatl/T^tra^fe^**, L i £ £ £ ic £ D 

3. BfflH-^^fC^ViT, 0<y^0. 4T?**»*«lfcia*OU 

15 4. HHG-JK&fcfcHT, 0.. 2<y^0. 4TJ**»*9(1 fct3« 

5 . MiB— jR^t^ViT,/- 0.015^x+tt^0.01 5T&£ft 

6 . — fHk&L i i + x + 0 Ni <i-x-y+9)/2Mn (i- x - y .j) / 2 M y O 
20 2 {fetch, 0^x^0.05, - 0.0 5^x + a^0.05, 0^y 

^0.4T$t), -0.1^(5^0.1 (fetch, 0^y^0.2©£#) 
0. 2 4^ <5^ 0:. 2 4 (fc£U 0. 2<y^O.40tf) 
TJ&'jT. MttT i , Cr, Fe, Co, Cu, Zn, Al, Ge&ck 

r;MnS«j357c'*i:UT'&tHS^fl3'&«li, L i (Ofls^«iSftUt* 
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7. IE«iS«Jttf>SfcSjE<I> *«kt;** 

i + x + «Ni d-x-y + a) /2 Mn (1 _ x _ y _ 4) /2 M y 0 2 CfciEU 0^ 
5 x^0.05, -0.05^x+a^0.05, 0 ^ y ^ 0 . 4 tK - 
0.l£tf£0.i (fc£U 0^y^0.2©££) *fctt-0.2-4£ 
d^0.24 ; (££:U 0. 2<y^0.4(0tf) T?*oT, MUTi 
» Cr, Fe, Co, Cu, Zn, Al, Ge*j;^Sii ; *^5i^ 

/ 

8. MEU ^A^fT^mteW, 4>&< £t>N i *i^Mn$H 

9. ME— jRafc*V>T, 0<y^ 0 . 4T?&£lt3fc^7 fcE«<&# 
15 7jc~^«?fi. 

10. ME-ttSClC*^Tv' 0. 2<y£0. 4T?a*l»*B7K:E 

11. ME-*t5fcfcfcWT, -0. 0 1 5£x+ a£0. 0 1 5T?fc* 
»3frg7 fcE*©#*-*«». 

20 12. MEIE«ig»Jt**, 'Jf^A^f^/^ httfc»*fiHMl£# 
©5 0S?«%&T®$§BTS£bT&5ijf#3f7 KE«©**-^«i 

1 3. .MEIEftfil«K^MEftSfil«lKCDKSJt¥ C (IE@S^^O 
Kft) / (AiiS«X0)tl) ) l. 5~3. 5*c**«lf*»7K: 
25 E<ft©**=^C*». 

14. MEftttSHbK*** U^£Ai£&£^/rf 5££a ? *I1tgfc7n 
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17. H&EIEfcfct&fBiUIfcOMfc, 5~2 0 j&m©ff#©-fe/Xl/- 
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SPECIFICATION 

[Note: All names, addresses, company names, and brand names are translated in the 
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WO 02/40404 ' PCT/JP01/09967 

LITHIUM-CONTAINING COMPOSITE OXIDE AND NONAZQUEOUS 
SECONDARY CELL USING THE SAME, AND METHOF OF 
MANUFACTURING THE SAME 

TECHNICAL FIELDS 

This invention relates to a lithium-containing composite oxide that can be used as a 
positive electrode material of a nonaqueous secondary cell, and a nonaqueous 
secondary cell using the same, and method for manufacturing the same. 

BACKGROUND TECHNOLOGIES 

With advancement of portable electronic machinery and equipment such as portable 
telephone or notebook type personal computers, or commercialization of electric car 
in recent years, there have been rise on the needs for secondary cells that are smaller, 
lighter weight, and higher capacity. Currently, as high capacity secondary cells 
capable of responding to said requirements, nonaqueous secondary cells represented 
with lithium secondary cell using LiCo0 2 as a positive electrode and carbon group 
material as a negative electrode are commercialized. Said lithium secondary cell is 
attracting much attention as a power supply for portable electronic machinery and 
equipment from the standpoint of its high energy density and possible reduction in 
size as well as weight. 

The LiCo02 that is ua^d as a positive electrode material for this lithium secondary 
cell is often used as a suitable active substance for its easy manufacturing and easy 
handling. However, because LiCo02 is manufactured by using Co that is a rare metal 
as its raw material, scarcity of this natural resource is anticipated to become a serious 
situation in future. In addition, as price of cobalt itself is high and shows a large price 
fluctuation, development of positive electrode material that is of a reasonable cost 
with a stable supply capability is desired. 
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And therefore, as the positive electrode material for a lithium secondary cell, much 
hope has been placed on the material of lithium manganese oxide group material 
instead of LiCoC>2. Among said material, lithium manganese oxides showing a 
spinel-type structure including Li2Mn409, IJUMnsO^, or LiMn2C>4 and the like are 
attracting much attention; and in particular, researches on LiMn2C>4 are being carried 
out actively as it is capable of charge and discharge at such voltage range close to 4V 
against Li (Japanese Patents, Kokai Hei 6 [1994]-76824 publication, Kokai Hei 
7[1995]-73883 publication, Kokai Hei 7[1995]-230802, or Kokai Hei 7[1995]- 
245 106 publication and the like). ^ 

Incidentally, although the theoretical discharge capacity* of LiCoC>2 is 274 mAh/g, 
when it is subjected to a deep charge and discharge, LiCoC>2 initiates a phase change 
to affect its cycle life, and therefore, the practical discharge capacity of the actual 
lithium secondary cell falls within: a range of 125 ~ 140 mAh/g. 

To this, although the theoretical discharge capacity of LiMn204 is 148 mAh/g, this 
LiMn2C>4 also initiates a phase change during charge an discharge in the same manner 
as that of the LiCoC^, and -furthermore, when a carbon group material is used as a 
negative electrode material, due to a large irreversible capacity of the carbon group 
material, it results in reduction of the discharge capacity that can be used when it is 
formed as an actual cell to about 90 ~ 105 mAh/g. As it is clear from this, when 
using LiMn2C>4 as a positive electrode active substance, it is not possible to increase 
the cell capacity to greater than the case that uses LiCoC>2 as a positive electrode 
active substance. 

In addition, to the fact that the true density of LiCoC>2 being 4.9-5.1 g/cm , the true 
density of LiMn 2 C>4 is as fairly low as 4.0 ~ 4.2 g/cm 3 ; and when a charging [filling] 
property as a positive electrode active substance is considered, it would present 
further inconvenience from the standpoint of capacity. 

Furthermore, regarding lithium secondary cells using LiM^CU as a positive 
electrode active substance, it presents a problem of worse cycle characteristics 
compared to that of the^iCo02 group cells due to the structure of the LiNfa^CU itself 
that remains unstable during the time of charge and discharge. 

Studies have been conducted on use of layer-form lithium manganese oxide such as 
LiMnC>2 as a positive pole material having a different structure from that of the 
LiMn2C>4 to solve thus problems. However, results of detailed studies on this oxide 
that was made by the inventors identified that physical properties such as structure or 
characteristics to show prominent variations based on the composition of the 
compounds, in particular, presence/absence of the elements that constitute oxide other 
than Li and Mn, or types and their quantity ratio as well as the process till forming of 
said oxide. 
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For instance, when composition of spinel-type lithium manganese oxide (LiMn2C>4) 
happens to fluctuate causing average number Mn to approach toward 3 [trivalent] 
form, distortion occurs on the crystal structure of above-explained oxide to show a 
phase change from a spinel structure of a cubic system to 4 [tetragonal system] and 
forms LiMnC>2. Because this phase change from cubic system to tetragonal system 
occurs along with charge and discharge at the potential range of near 3 V against 
lithium, it cannot be used in the same manner as that of above-explained lithium 
secondary cell in which charge and discharge are conducted at the voltage close to 
4V. \ 

In addition, when the constitution mole ratio (Li/Mn) of Li and Mn happens to be set 
as 1, crystal structure of LiMnCh shows an orthorhombic system due to the Jahn- 
Teller effect caused by trivalent Mn. 

According to this compound (LiMnCb), charge and discharge are possible in 
electrochemical manner at the range of 0-1.0 of Li quantity ratio to show discharge 
capacity of about 285 mAh/g in a theoretical manner. However, with increase in ratio 
of quadrivalent [tetravalent] Mn during the time of initial charging state, phase 
transition to a spinel structure occurs, and therefore, it not only shows difference in 
shapes of charge and discharge curve of initial state and charge and discharge curve 
of second time hereafter, but also discharge capacity shows a fair reduction from that 
of the theoretical value when discharging is stopped at 3.5V or higher voltage. 
Furthermore, because it causes structural change based on the shift in Mn with charge 
and discharge, it presents problems of not possible quick charge and discharge 
because it displays poor cycle durability. 

And therefore, in order to put layer-form lithium manganese oxide such as LiMn02 
to a practical application, it was considered necessary to solve such subjects as 
stabilization of crystal structure, higher capacity through improved reversibility 
during charge and discharge, and durability during charge and discharge cycle. 

DISCLOSURE OF THIS INVENTION 

This invention was done through accumulation of vigorous studies conducted in 
order to solve said conventional problems; and it is characterized by the fact that it 
offers a lithium-containing composite oxide with stable structure, reversibility of 
charge and discharge, excellent durability against charge and discharge cycles, high 
energy density per volume; and in addition, it offers a nonaqueous secondary cell 
with excellent durability such as cycle characteristics that uses this as its positive 
electrode. 

That is to say, this invention's lithium-containing composite oxide is characterized 
by the fact that it has a composition shown with a general formula of Lii+ x +oNi(i. x - 
y+s^Mn^.x-y^ M y 0 2 [however, it is 0<x<0.05, -0.05<x<+ot<0.05, 0<y<0.4, and - 
0.1 <5 <0.1 (however, when it is 0<y<0.2) or -0.24< 8 0.24 (however, when it is 
0.2<y<0.4); and M shows one or more types of elements selected from a group 
comprising Ti, Cr, Fe, Co, Cu, Zn, Al, Ge, and Sn]. 
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In addition, this invention's manufacturing method of lithium-containing composite 
oxide refers to the manufacturing method of lithium-containing composite oxide that 
has a composition shown with a general formula of Lii+ x +aNi(i- x -yfsy2 Mri(i-x-y- 
sy2M y 0 2 [however, it is 0<x<0.05, -0.05< x+a< 0.05, 0<y<0.4 ; 
and it is -0.1<S<0.1 (however, when it is 0<y<0.2), or -0.24< 5< 0.24 (however, 
when it is 0.2<y<0.4); and M is one or more elements selected from a group 
comprising Ti, Cr, Fe, Co,Cu 5 Zn, Al, Ge and Sn]; and it is characterized by the fact 
that it fires [bake] a composite compound that inibludes at the least Ni and Mn as 
constitution elements and a Li compound. 

In addition, this invention's nonaqueous secondary cell is a nonaqueous secondary 
cell that is equipped with a positive electrode composed of positive electrode active 
substance, a negative pole composed of negative electrode active substance, and 
nonaqueous electrolyte, and it is characterized by the fact that said positive electrode 
active substance is the lithium-containing composite oxide having a composition that 
is shown with a general formula of Li.i+x+aNi(i- x -yf 8y2Mn(i-x-y-8y2M y 02 [however, it is 
0<x<0.05, -0.05<x+a<0.05, 0<y<0.4, and it is -0.1<5<0.1 (however, when it is 
0<y<0.2), or -0.24<5<0.24 (however, when it is 0.2<y<0.4); and M is one or more 
elements selected from a group comprising Ti,Cr,Fe. Co, Cu, Zn, Al, Ge, and Sn]. 

BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 illustrates a graph of X-ray diffraction pattern of lithium-containing 
composite oxide that is synthesized in the example 1 of this invention. 

"\ 

Figure 2 illustrates a graph of X-ray diffraction pattern of lithium-containing 
composite oxide that is synthesized in the example 8 of this invention. 

Figure 3 illustrates a graph of X-ray diffraction pattern of lithium-containing 
composite oxide that is synthesized in the example 9 of this invention. 

Figure 4 illustrates a graph of X-ray diffraction pattern of lithium-containing 
composite oxide that is synthesized in the comparative example 4 of this invention. 

Figure 5 illustrates a graph of X-ray diffraction pattern of lithium-containing 
composite oxide that is synthesized in the comparative example 5 of this invention. 

Figure 6 illustrates a graph showing discharge curves of positive pole [electrode] of 
the cell using lithium-containing composite oxide synthesized in the example 1, 
example 6, example 8, comparative example 1, and comparative example 2 of this 
invention as a positive electrode. 
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OPTIMUM EMBODIMENT OF THIS INVENTION 

This invention is explained more specifically below with the embodiment of this 
invention. This invention's lithium-containing composite oxide is the composite 
oxide that is shown with a general formula of Li i+ x +aNi(i- x .yf s)/2Mn ( i. x -y- s)/2M y 0 2 
[however, it is 0<x<0.05, -0.05<x+a<0.05, 0<y<0.4; and it is -0.1<5<0.1 (however, 
when it is 0<y<0.2), or -0.24<5<0.24 (however, when it is 0.2<y<0.4); and M is one 
or more types of elements selected from a group, comprising Ti, Cr, Fe, Co, Cu, Zn 5 
Al, Ge, and Sn]; and this is the composite oxide v$th very limited composition range 
of which composition is centered at the one that includes at the least Ni and Mn as its 
constitution elements of which quantity ratio of Ni and Mn being 1:1. 

According to this invention, reasons for selection of lithium-containing composite 
oxide within limited composition range as explained above are shown below. That is 
to say, in the case of lithium manganese oxide, when ratio of trivalent Mn happens to 
increase, it initiates a problem that a distortion occurs on the crystal structure due to 
Jahn-Teller effect to reduce potential of charge and discharge as explained earlier. 
And therefore, although it is necessary to set the number of Mn to close to 
quadrivalent [tetravalent], with increase in quadrivalent Mn ratio, phase transition to 
a spinel-type structure occurs easily to require an implementation of crystal structure 
stabilization. 

To above-explained subjects, these inventors considered that it is effective to either 
increase average number of Mn by including excess Li in LiMn0 2 , or to substitute 
Mn of LiMn0 2 with elements, for instance, Co or Ni, capable of constructing a layer- 
form lithium-containing composite oxide stably; and they conducted studies on 
quantity ratio of Li, types of substitution elements, and its quantity ratio in details. 

As a result, they found possible to obtain a lithium-containing composite oxide 
showing a stabilized crystal structure of layer form, reversibility of charge and 
discharge at potential range close of 4V, and excellent durability against charge and 
discharge cycle by having such composition range that is explained below. A 
composition that is shown with a general formula of LiNii/2Mni/20 2 of which quantity 
ratio of Ni and Mn becomes Vi : Vi , that is to say, 1 : 1 is used as a base, and refers to 
the composition in which Ni and Mn are each substituted with Li by x/2 respectively, 
and quantity ratio of Ni and Mn each slides from l A: Vi by 5/2 and -8/2 respectively, 
and quantity ratio of Li has the width of a, and in addition, Ni and Mn are each 
substituted with element M (however, M is one or more elements selected from a 
group comprising Ti, Cr, Fe, Co, Cu, Zn, Al, Ge, and Sn) by y/2 respectively; and in 
other words, the composition range shown with a general formula of Lil +x+a Ni(l. x .y+ 
8)/2 Mn(i. x .y. 5) /2M y 0 2 [however, it is 0<x<0.05, -0.05<x+a<0.05, 0<y<0.4; and it is - 
0.1< 5<0.1 (however, when it is 0<y<0.2), or -0.24<8<0.24 (however, when it is 
0.2<y<0.4); and M is one or more elements selected from a group comprising Ti, Cr, 
Fe, Co, Cu, Zn, Al, Ge, and Sn]. In particular, it was also found that lithium- 
containing composite oxide showing more excellent characteristics can be formed 
when it is y>0, in other words, when element M is added. 
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This is considered due to that average value number Mn in the lithium-containing 
composite oxide takes the value that is close to 4 [quadrivalent] (about 3.3-4 value), 
and during doping and de-doping of Li at charge and discharge, it is possible to 
control the shift of Mn in the crystal. Furthermore, according to this invention, value 
measured through X-ray absorption spectrum (XAS) was used as the value number of 
Mn. 

In addition, when X-ray diffraction measurement using CuKcc rays is conducted on 
the lithium-containing composite oxide having at the least Ni and Mn as constitution 
elements and shows a stable layer-form structure, charge and discharge reversibility, 
and excellent durability against charge and discharge cycle as explained above, it was 
found to be the single phase composite oxide of which diffraction pattern shows the 
same characteristics as those of LiNiC>2 indicating presence of one each diffraction 
peak that is equivalent to the diffraction peaks (003) and (104) of LiNiC>2, and are 
located at nearby 18° and 44° diffraction angle 20. 

Furthermore, results of detailed studies on the diffraction peaks show characteristics 
including area of diffraction peaks of above-explained nearby 18° and nearby 44°, in 
other words, when integration intensity is set as lis and I44 respectively, that ratio 
I44/I18 is 0.9<l44/Ii8^ 1.2 (however, when it is 0<y<0.4), or 0.7<l44/Ii8^1 (however, 
when it is 0.2<y<0.4); and in addition, difference 0a of diffraction angles (29) of 
above-explained two diffraction peaks within a range of 63 °~ 66° being 0.3° 
<Gs<0.6° (however, when it is 0<y<0.2), or 0.55°<9a<0.75 o (however, when it is 0.2 
<y<0.4). 

s 

The charge and discharge curves of such lithium-containing composite oxide show 
possible charge and discharge at voltage range of nearby 4V similar to that of the 
LiMn2C>2 having a spinel-type structure; and it can be used as a substitute to LiCo02 
that is the conventional positive electrode active substance. 

Furthermore, it was also found that the lithium-containing composite oxide having 
above-explained composition to show as large as 4.55 ~ 4.95 g/cm 3 true density to 
indicate that is the material with a high volume energy density. Although true density 
of lithium-containing dbmposite oxides, which include Mn at set range, may vary 
significantly based on the composition, it is considered to show a large value that is 
close to the true density of LiCoC>2 because structure is stabilized within above- 
explained narrow composition range, and single phase can be easily formed. In 
particular, it was found that the composition to takes a large value when it is close to 
the stoichiometric ratio, and it was also found that the composite oxide showing high 
density that is about at the least 4.7g/cm 3 is formed at -0.015 <x+a< 0.015. 
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In addition, as explained above, this invention's lithium-containing composite oxide 
uses the composition of 1:1 Ni and Mn as in the case of LiNii/2Mni/2C>2 as a base; and 
when further detailed studies were conducted on the composition, it was found that 
lithium-containing composite oxide showing particularly excellent characteristics can 
be obtained from the composition of which quantity ratio of Ni, Mn and M showing 
1:1:1, that is to say, at the nearby composition that is shown with a general formula of 
LiNii/3Mni/3Mi/3C>2 and shows y=l/3. 

According to above-explained general formula ofiLii+ x +aNi(i. x -y+5)/2Mn(i- x -y.8)/2 M y C>2 
(however, M is one or more types of elements selected from a group comprising Ti, 
Cr, Fe, Co, Cu, Zn, Al, Ge, and Sn), although it allows only the small value of 
slippage on the quantity ratio (5/2) of Ni and Mn within a composition range of 
0<y<0.2, level of stability of crystal structure becomes higher at the composition 
range of 0.2<y<0.4 to allow easy formation of a single phase, and therefore, even 
when, said slippage of quantity ratio of Ni and Mn may happens to be large, it is 
possible to obtain a subjected lithium-containing composite oxide. As a result, when 
it is 0<y<0.2 in above-explained general formula, the range that can be taken by 5 
becomes as narrow as -0.1<5<0.2 while on the other hand, when it is 0.2<y<0.4, the 
range that can be taken by 8 becomes as broad as -0.24<5<0.24. 

Furthermore, it became clear that at the composition range of 0.2<y<0.4, because 
true density becomes larger than the compound with composition range of 0<y<0.2, 
this is the material suited for attainment of higher capacity. That is to say, to the fact 
that in the case of compound with the stoichiometric composition, true density within 
composition range of 0.2 <y<0.4, its true density being about 4.75 -4.95 g/cm , and 
to this, its true density at the composition range of 0<y<0.2 is about 4.55-4.74 g/cm 3 . 

At this time, the reason for setting the upper limit of y to 0.4 is based on y> 0.4 
composition, in order words, when substitution rate at element M happens to be 
greater than 0.4, hetero [varied] phase is formed within the subjected composite oxide 
to tend to cause problems of poor stability of the compound and the like. 

Furthermore, use of compounds showing a very broad composition range including 
the composition range^&f this invention's lithium-containing composite oxide as a 
positive electrode material for nonaqueous cell has been already disclosed in the 
Japanese paten publications such as Patent No. 3064655 publication, Kokai Hei 
9[1997]-199127 publication, Kokai Hei 10[1998]-69910 publication, or Kokai 2000- 
294242 publication and the like. However, none of the above explained discloses 
possible attainment of lithium-containing composite oxide showing particularly 
excellent characteristics at the composition range limited to nearby 1:1 Ni and Mn 
that is shown in this invention; and this invention cannot be easily conjectured from 
these prior arts. 
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Incidentally, it is very difficult for above-explained lithium-containing composite 
oxide to obtain its single phase by simply mixing Li compound, Mn compound and 
Ni compound and the like together, and firing [baking]. 

This is considered due to slow diffusion speed in solids such as Ni and Mn to cause 
difficult uniform diffusion of these during a synthesis reaction and does not allow a 
uniform distribution of said elements in thus formed oxide. 

After conducting detailed studies on the methods of synthesizing above-explained 
oxide, these inventors found that a single phase of this invention's lithium-containing 
composite oxide can be synthesized fairly easily by firing [baking] a composite 
compound that at the least includes Ni and Mn as constitution elements, and Li 
compound. That is to say, forming of a single phase can be made easy by 
synthesizing a composite compound that includes Ni and Mn as constitution elements 
beforehand, and by firing [baking] this along with a Li compound to uniformly 
distribute. said metal elements during oxide forming reaction. It goes without saying 
that synthesis method of this invention's lithium-containing composite oxide is not 
limited to the above-explained method, and it appears that the physical properties of 
thus formed composite oxide, in other words, stability of structure, reversibility of 
charge and discharge, or true density and the like, to change significantly in 
accordance with what type of synthesis processes are implemented. 

At this time, as said composite compound that includes at the least Ni and Mn as 
constitution elements, for instance, co precipitated compounds including at the least 
Ni and Mn, compounds prepared through a hydrothermal synthesis, or compounds 
prepared through a mechanical synthesis, and compounds prepared through heat 
treatment on these may be used; and oxides of Ni and Mn or hydroxides such as Ni 
o.5Mno.5(OH)2, NiMn2C>4, or Nio.5Mno.5OOH and the like may be used favorably. 
Furthermore, when synthesizing lithium-containing composite oxide that includes M 
(M is one or more types of elements selected from a group comprising Ti, Cr, Fe, Co, 
Cu, Zn, Al, Ge, and Sn) as constitution element, subjected oxide can be prepared by 
mixing composite compound that includes at the least Ni and Mn, Li compound, and 
compound that includes M and firing [baking], and it is preferable to use the 
composite compound including Ni, Mn, and M to start with when it is possible. In 
addition, quantity ratio of Ni, Mn, and M in above-explained composite oxide can be 
selected appropriately in accordance with the composition of lithium-containing 
composite oxide subjected. 

In addition, various lithium salts maybe used as above-explained Li compound; and 
for instance, lithium hydroxide.monohydrate, lithium nitrate, lithium carbonate, 
lithium acetate, lithium bromide, lithium chloride, lithium citrate, lithium fluoride, 
lithium iodide, lithium lactate, lithium oxalate, lithium phosphate, lithium pyruvate, 
lithium sulfate, or lithium oxide and the like may be mentioned; and among these 
examples, lithium hydroxide.monohydrate is best recommended for use from the 
standpoint of not generating carbonic acid gas, nitrogen oxide, or sulfur oxide and the 
like that ill affects the environment. 
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The composite compound that includes at the least Ni and Mn as constitution 
elements explained above and Li compound maybe mixed at the ratio in accordance 
with the composition of lithium-containing composite oxide that is nearly subjected; 
and for instance, this invention's lithium-containing composite compound may be 
synthesized by firing [baking] said mixture in an atmosphere that includes oxygen at 
about 700 ~ 1 100°C for 1 ~ 24 hours. 

Regarding the heat treatment during above-explained firing [baking], it is 
recommended to first heat to temperature (aboufcJ250 ~ 850°C) that is lower than 
firing temperature once to preheat by maintaining at that temperature, and then to 
raise to firing [baking] temperature to carry out the reaction rather than raising the 
temperature in one time up to the prescribed temperature. This may be considered 
due to that during the forming process of this invention's lithium-containing 
composite oxide, reaction between Li compound and composite compound that 
includes at the least Ni and Mn as constitution elements takes place in a stage-like- 
manner, and lithium-containing composite oxide is formed at the end through 
intermediate product. That is to say, when the temperature is raised to firing [baking] 
temperature in one time, Li compound and composite compound that includes at the 
least Ni and Mn as constitution elements would end up reacting partially till the last 
stage, and presents such problems as lithium-containing composite oxide that is 
formed through that may hinder the reaction of non-reacting substance, or damage 
uniformity of the composition. In addition, it is effective when heating is conducted 
in a stage-like-manner from the standpoint of reducing the time required for reaction 
process to provide a homogeneous lithium-containing composite oxide also. 
Although the time for this preheating is not particularly limited, it may be generally 
conducted for about 0.5-30 hours. 

In addition, although it is all right to use a dry mixed mixture as it is at the process 
that fires [bakes] mixture of said Li compound and composite compound that includes 
at the least Ni and Mn as constitution elements, it is preferable when it is prepared by 
dispersing the mixture in a solvent such as ethanol to form a slurry, and mixing this 
for about 30 -60 minutes in a planetary ball mill and the like and drying from the 
standpoint that it is possible to further enhance a homogeneous state of thus 
synthesized lithium-containing composite oxide. 

As atmosphere of above-explained heating treatment, it is all right to conduct this in 
an atmosphere that includes oxygen, that is to say, atmosphere of mixture of inert gas 
such as argon, helium, or nitrogen and the like and oxygen gas. It is recommended to 
set the ratio of oxygen in the atmosphere to at the least 10% by volume ratio. 

As for the flow rate of above-explained gas, it is preferable when it is set as at the 
least 1 dmVminute per 100 g of said mixture, or more preferably, at 1 - 5 
dm 3 /minute. When gas flow happens to be less, that is to say, when gas flow speed 
happens to be slow, the reaction proceeds non-uniformly to tend to produce 
impurities such as Mn 2 C>3 or Li2MnC>3 and the like. 
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A nonaqueous secondary cell is prepared by using this invention's lithium- 
containing composite oxide that is prepared through the method above-explained as a 
positive electrode active substance in a manner, for example, explained below. 

As a positive electrode, a positive electrode material to which above-explained 
lithium-containing composite oxide, auxiliary conductive agent such as scale-form 
graphite, or acetylene black and the like, and a binder such as polytetrafluoro ethylene 
or polyvinylidene fluoride and the like are added and mixed may be used as it is, or it 
may be coated or impregnated on a substrate that also works as a current collector to 
be unified with a substrate to be used. Regarding said substrate, for instance, metal 
mesh of aluminium, stainless steel, titanium, or copper and the like, or punching 
metal, expanded metal, formed metal, or metal foil and the like may be used. 

Furthermore, although above-explained lithium-containing composite oxide may be 
only used as said positive electrode active substance, it is all right to mix with other 
active substance, or to use this as a composite body with other active substance. For 
instance, above-explained lithium-containing composite oxide shows poorer electron 
conductivity compared to that of lithium-containing cobalt oxide such as LiCoC>2 5 and 
it tends to generate a problem of discharge of large current, or large voltage decline 
at the end of discharge. However, when it is used by mixing with lithium-containing 
cobalt oxide that shows excellent electron conductivity, it is possible to control 
above-explained voltage decline to improve discharge characteristics. As this 
lithium-containing cobalt oxide, besides L1C0O2, compound such as LiCoi. t Ni t 02 and 
the like of which part of Co is substituted with other elements such as Ni may be 
used. In this case, when ratio of lithium-cdntaining cobalt oxide is increased too 
much, durability of high temperature storage characteristic tends to decline, and it is 
necessary to set the ratio to at most 50% by percentage mass based on total active 
substance. 

In addition, lithium or lithium-containing compound is generally used as a negative 
pole active substance that is used opposite to above-explained positive electrode; and 
as such lithium-containing compound, lithium alloys such as Li-Al alloy, Li-Pb alloy, 
Li-In alloy, or Li-Ga. .^lloy and the like, Si, Sn, or Mg-Si alloy and the like, or 
elements capable of forming alloys with lithium, and alloys having these as main 
body may be mentioned. Furthermore, besides oxide group material such as Sn oxide 
or Si oxide and the like, it is all right to use carbonaceous material such as graphite or 
carbon fiber, or lithium-containing composite nitride also. In addition, the ones that 
is a composite of plural numbers of materials explained above may be used; and 
composite of carbon material and Si may be also used favorably. Furthermore, 
preparation of negative electrode may be conducted by using the same method as in 
the case of above-explained positive electrode. 
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Regarding the ratio of active substance in above-explained positive electrode and 
negative electrode, although it may vary according to the types of negative electrode 
active substance, it is possible to utilize the characteristics of above-explained 
lithium-containing composite oxide well by generally setting as (mass of positive 
electrode active substance)/(mass of negative electrode active substance) = 1.5 -3.5. 
However, when using elements capable of forming alloys with lithium, alloys having 
these elements as main body, lithium-containing composite nitride, or composite of 
these materials and other constitution elements such as carbonaceous material as the 
negative pole active substance, it is recommended to set to (mass of positive electrode 
active substance)/(mass of negative electrode active substance) = 4-7 because 
capacity of negative electrode based on above-explained percentage becomes too 
large. 

♦Regarding nonaqueous electrolyte in this invention's nonaqueous secondary cell, it 
is all^ right to use a liquid-firm electrolyte of organic solvent system in which 
electrolyte is dissolved in an organic solvent, that is to say, electrolyte solution, or 
polymer electrolyte that retains said electrolyte solution in a polymer. Although no 
particular restrictions are placed on the electrolyte solution or organic solvent that is 
included in the polymer electrolyte, it is preferable when it includes chain- form ester 
from the standpoint of load characteristics. As such chain-form ester, for instance, 
chain-form carbonates represented with dimethyl carbonate, diethyl carbonate, or 
ethyl methyl carbonate, or organic solvent such as ethyl acetate or methyl propionate 
and the like may be mentioned. These chain-form esters may be used either alone or 
as mixture of more than two types; and it is preferable when above-explained chain- 
form ester occupies at least 50 volume % in total organic solvent, or in particular, it is 
more preferable when chain-form ester occupies at least 65 volume % in total organic 
solvent from the standpoint of improved- low temperature characteristics. 

However, regarding organic solvent, it is preferable when above-explained chain- 
form esters are mixed with esters showing high induction rate (induction rate: at least 
30) in order to improve discharge capacity rather than constituting with only above- 
explained chain-form esters. As specific examples of such esters, for instance, cyclic 
carbonates such as ethylene carbonate, propylene carbonate, butylenes carbonate, or 
vinylene carbonate, or y^butylolactone, ethylene glycol sulfite may be mentioned; and 
in particular, ester with cyclic structure such as ethylene carbonate or propylene 
carbonate is better recommended. 

It is preferable when the esters showing high induction rate are included at at the 
least 10 volume %, or in particular, at least 20 volume % based on total organic 
solvent from the standpoint of discharge capacity. In addition, it is preferable when it 
is at most 40 volume %, or more preferably, at most 30 volume % from the standpoint 
of load characteristics. 
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In addition, as solvents that can be jointly used other than above-explained esters 
with high induction rate, for instance, 1,2-dimethoxy ethane, 1,3-dioxolan, 
tetrahydrofiiran, 2-methyl-tetrahydrofiiran, or diethyl ether and the like may be 
mentioned. Besides these, it is possible to use amine imide group organic solvents or 
sulfur-containing or fluorine-containing group organic solvents as well. 

Regarding electrolyte dissolved in organic solvents, for instance, LiC104, LiPF6, 
LiBF 4 , LiAsF 6 , LiSbF 6 , LiCF 3 S0 3 , UC4F9SO3, LiCF 3 C0 2 , Li 2 C 2 F 4 (S0 3 ) 2 , 
LiN(CF 3 S0 2 )2, LiC(CF 3 S0 2 ) 3 , or LiC n F 2n +iS0 3 (riS2) may be used either alone or as 
mixture of more than two types. Among these [examples], LiPF^ or LiC4F9S0 3 that 
provides good charge and discharge characteristics may be used favorably. 
Concentration of the electrolyte in the electrolyte solution is not particularly 
restricted; and it is recommended to set as 0.3 ~ 1.7 mol/dm 3 , or in particular, about 
0.4 -1.5 mol/dm 3 . 

In addition, it is all right to include aromatic compounds in the nonaqueous 
electrolyte solution in order to improve safety or storage characteristics of the cells. 
As said aromatic compounds, benzenes with alkyl group such ad cyclohexyl benzene 
or t-butyl benzene, biphenyl,- or fluoro benzenes may be used favorably. 

As a separator, the one that shows sufficient strength, and above all, is capable of 
retaining much electrolyte solution is recommended; and micro-porous films or 
nonwoven cloth made of polypropylene, polyethylene, polyolefin that is a copolymer 
of propylene and ethylene with 5 ~ 50|am thickness may be favorably used. In 
particular, when using a separator that is as thin as 5~20|im, although the 
characteristics of cell may tend to degrade during charge and discharge cycles or 
storage at high temperature, because this invention's lithium-containing composite 
oxide shows excellent stability, cell can function with stability even when such thin 
separator is used. 

Then, examples of this invention are explained. However, this invention should not 
be limited to these examples. 

(EXAMPLE 1) ^ 
Ammonia water of which pH was adjusted to about 12 through addition of sodium 
hydroxide was prepared in a reactor; and while this was stirred strongly, aqueous 
mixture solution that includes 1 mol/dm 3 each of nickel sulfate and manganese 
nitrate, and ammonia water with 25 % mass were each dropped at 46 cm 3 /minute and 
3.3 cm 3 /minute rate respectively by using quantitative pumps to form Ni and Mn co- 
precipitated compound. At this time, temperature of the reaction solution was held at 
50°C, and at the same time, sodium hydroxide aqueous solution with 3.2 mol/dm 3 
concentration was also dropped to maintain the pH of the reaction solution at around 
12. Furthermore, reaction was conducted while purging nitrogen gas at 1 dm 3 /minute 
ratio during the reaction to set the atmosphere of reaction solution as an inert 
atmosphere. 
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Thus given product was rinsed with water, filtered, and dried to obtain a hydroxide 
that contains Ni and Mn at 1:1 ratio, and 0.2 mol of this hydroxide and 0.198 mol Li 
OH.H2O were measured and mixed, and after this mixture was dispersed in ethanol to 
give a slurry form, it was mixed for 40 minutes in a planetary type ball mill, and this 
was dried at room temperature to adjust a mixture. Then, this mixture was placed in 
an alumina made crucible, and was heated to 800°C in air gas flow at 1 dm /minute, 
and this was held at this temperature for 2 hours for preheating purpose; and then, 
temperature was raised to 1000°C to fire [bake] for 12 hours to synthesize lithium- 
containing composite oxide. Thus adjusted compojind was pulverized in a mortar to 
form a powder, and was stored in a desiccator. 

When composition of above-explained oxide powder was measured with atomic 
absorption spectro photometry device, it was found that to be the composition 
indicated as Lio.99Nio.5Mno.5O2. In addition, in order to conduct a state analysis of 
above-explained compound, X-ray absorption spectrum (XAS) of Mn was conducted 
by using BL4 beam port of "Aurora" (made by Sumitomo Denko) that is a super 
conductive small size radioactive beam source located at the SR center of 
Ritsumeikari University. Thus given data was analyzed based on the article [Journal 
of the Electrochemical Society, 146 p2799-2809 (1999)] by using a analytical 
software "REX" (made by Rigaku Denki). In addition, in order to determine the 
value number of Mn of above-explained compound, MnC>2 and LiNio.sMni.5 O4 (both 
are reference samples of compounds showing average value number of 4 
[quadrivalent] Mn), LiM^CU (reference sample of compound showing average value 
number of 3.5 Mn), LiMnC>2 and Mn2C>3 (both are reference samples of compounds 
showing average value number of 2 [divalent] Mn), and MnO (reference sample of 
compound showing average value number of 2, [divalent] Mn) were used as reference 
samples. Regression line showing the relationship of K absorption edge position of 
Mn and value number of Mn of each reference sample was sought; and average value 
number of Mn of above-explained compounds was determined as almost 4 
[quadrivalent] because K absorption edge position of Mn of above-explained 
compounds was almost same as the K absorption edge position of MnC>2, and 
LiNio.5Mn1.5O4. 

Regarding Ni, it was rjpt possible to seek the value number accurately because it was 
not possible to procure appropriate compounds as reference samples showing at the 
least 3 [trivalent] Ni; however, average value number of Ni of above-explained 
compounds was estimated to be nearly 2 [divalent] from the standpoint of nearly the 
same K absorption edge position of NiO and LiNio.5Mn1.5O4 which are the 
compounds with average value number of 2 [divalent] Ni. 

(EXAMPLE 2) 

0.198 mol of hydroxide that includes Ni and Mn at 1:1 ratio and was synthesized in 
the same manner as explained in the examplel and 0.202 mol LiOH.I^O were 
measured, and lithium-containing composite oxide that is indicated as 
Lii.oiNio.495Mno.49s02 was synthesized in the same manner as explained in the 
example 1 . 
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(EXAMPLE 3) 

0.196 mol of hydroxide that includes Ni and Mn at 1:1 ratio and was synthesized in 
the same manner as explained in the example 1 and 0.204 mol L1OH.H2O were 
measured; and lithium-containing composite oxide that is indicated as 
Li1.02Nio.49Mno.49O2 was synthesized in the same manner as explained in the example 
1. 

(EXAMPLE 4) 

0.194 mol of hydroxide that includes Ni and Mh gt 1:1 ratio and was synthesized in 
the same manner as explained in the example 1 and 0.206 mol LiOH.HaO were 
measured; and lithium-containing composite oxide that is indicated as 
L=i.o3Nio.48sMno.48502 was synthesized in the same manner as explained in the 
example 1. 

(EXAMPLES) 

0.192 mol of hydroxide that includes Ni and Mn at 1:1 ratio and was synthesized in 
the same manner as explained in the example 1 and 0.208 mol LiOH.IrkO were 
measured; and lithium-containing composite oxide that is indicated as 
Li1.04Nio.48Mno.48O2 was synthesized in the same manner as explained in the example 
1. 

(EXAMPLE 6) 

0.19 mol of hydroxide that includes Ni and Mn at 1:1 ratio and was synthesized in 
the same manner as explained in the example 1 and 0.21 mol LiOH.IrkO were 
measured; and lithium-containing composite oxide that is indicated as 
Lii.osNio.475Mno.47502 was synthesized in the same manner as explained in the 
example 1 . 

(EXAMPLE 7) 

Hydroxide that includes Ni, Mn and Co at 4.5:4.5:1 ratio respectively was prepared 
in the same manner as explained in the example by dropping an aqueous mixture 
solution that includes nickel sulfate, manganese nitrate, and cobalt sulfate at the ratio 
of 0.9 mol/dm 3 , 0.9 mol/cm 3 , and 0.2 mol/dm 3 respectively. Then, lithium-containing 
composite oxide that is indicated as Lio.99Nio.45Nfeo.45Coo.1O2 was synthesized in the 



same manner as explained in the example 1 . 
(EXAMPLE 8) 

Lithium-containing composite oxide that is indicated as Lio.99Nio.375Mno.375Coo.25O2 
was synthesized in the same manner as explained in the example 1 by dropping an 
aqueous mixture solution that includes nickel sulfate, manganese nitrate, and cobalt 
sulfate at the ratio of 0.75 mol/dm 3 , 0.75 mol/dm 3 , and 0.5 mol/dm 3 respectively. 
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(EXAMPLE 9) 

Lithium-containing composite oxide that is indicated as Lio.99Nio.34Mno.33Coo.33O2 was 
synthesized in the same manner as explained in the example 1 by dropping an aqueous 
mixture solution that includes nickel sulfate, manganese nitrate, and cobalt sulfate at the 
ratio of 0.67 mol/dm 3 , 0.66 mol/dm 3 , and 0.66 mol/dm 3 respectively. 

(EXAMPLE 10) 

Lithium-containing composite oxide that is indicated as Lio.99Nio.3Mno.3Coo.4O2 was 
synthesized in the same manner as explained in the example 1 by dropping an aqueous 
mixture solution that includes nickel sulfate, manganese nitrate, and cobalt sulfate at the 
ratio of 0.6 mol/dm 3 . 0.6 mol/dm 3 , and 0.8 moldm respectively. 

(COMPARATIVE EXAMPLE 1) 
0.2, mol LiOH.H 2 0 and 0.2 mol MnOOH were measured; and this was mixed for 30 
minutes ,in a planetary ball mill to give a mixture; and this was placed in an alumina 
crucible, and- was fired [baked] for 10 hours at 450°C in nitrogen gas flow of 1 
dm 3 /minute to synthesize rhombic system lithium manganese oxide that is indicated as 
LiMn0 2 . 

(COMPARATIVE EXAMPLE 2) 
0.18 mol hydroxide that includes Ni and Mn at 1:1 ratio and was synthesized in the 
same manner as explained in the example 1 and 0.22 mol LiOH.H 2 0 were measured; and 
lithium-containing composite oxide that is indicated as Lii.1Nio.45Mno.45O2 was 
synthesized in the same manner as explained in the example 1 . 

(COMPARATIVE EXAMPLE 3) 
Lithium-containing composite oxide that is indicated as Lio.99Nio.25Mno.25Coo.5O2 was 
synthesized in the same manner as explained in the example 1 by dropping an aqueous 
mixture solution that includes nickel sulfate, manganese nitrate, and cobalt sulfate at the 
ratio of 0.5 moldm 3 , 0.5 mol/dm 3 , and 1 mol/dm 3 respectively. 

(COMPARATIVE EXAMPLE 4) 
Lithium-containing composite oxide that is indicated as Lio.99Nio.2Mno.2Coo.6O2 was 
synthesized in the same n^nner as explained in the example 1 by dropping an aqueous 
mixture solution that includes nickel sulfate, manganese nitrate, and cobalt sulfate at the 
ratio of 0.4 mol/dm 3 , 0.4 mol/dm 3 , and 1.2 mol/dm 3 . 

(COMPARATIVE EXAMPLE 5) 

Lithium-containing composite oxide that is indicated as Lio.99Nio.25Mno.75O2 was 
synthesized in the same manner as explained in the example 1 by dropping an aqueous 
mixture solution that includes nickel sulfate and manganese nitrate at the ratio of 0.5 
mol/dm 3 and 1.5 mol/dm 3 respectively. 
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(COMPARATIVE EXAMPLE 6) 

Lithium-containing composite oxide that is indicates as Lio.99Nio.5Mno.3Coo.1O2 was 
synthesized in the same manner as explained in the example 7 by setting the ratio of 
nickel sulfate and manganese nitrate in the example 7 to 1.2 mol/dm 3 and 0.6 mol/dm 3 
respectively. That is to say, the lithium-containing composite oxide of the comparative 
example 6 varies only on the quantity ratio of Ni and Mn from that of the example 7. 

(REFERENCE EXAMPLE) 
0.2 mol LiOH.H 2 0, 0.1 mol Ni(OH) 2 , and 0.1 mol'MnOOH were measured; and they 
were placed in a planetary ball mill and was mixed for 30 minutes to give a mixture; and 
this was placed in an alumina crucible, and was fired [baked] for 10 hours in 800°C air to 
synthesize lithium-containing composite oxide that is indicated as LiNio.5Mno.5O2 
composition. 

Lists of each lithium-containing composite oxide synthesized through above-explained 
examples 1 ~T0, comparative examples 1 ~ 6, and reference example are shown in the 
Table 1 below. 

1: Table 1,2: composition, 3: example, 4: comparative example 
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X-ray diffraction measurement by CuKct rays was conducted on the lithium- 
containing composite oxide of above-explained this invention's examples 1 ~ 10, 
comparative examples 1 ~ 6, and reference example. Although lithium-containing 
composite oxide of this invention's examples 1 ~ 10, comparative examples 2 ~6, and 
reference example showed X-ray diffraction patterns similar to that of LiNi02 with a 
layer-form structure, peaks indicating formation of hetero [varied] phase were also 
noted on the X-ray diffraction patterns of the comparative examples 3~5 and 
reference example. In addition, X-ray diffraction pattern of the comparative example 
1 was of orthorhombic system pattern that is different from that of the LiNiC>2. No 
peaks caused by formation of hetero [varied] phase were recognized on this 
invention's examples 1-10, comparative example 2 and comparative example 6; that 
is to say, there are two diffraction peaks present at nearby 18° and nearby 44° of 
diffraction angle 26 to confirm given oxide to be the single phase of lithium- 
Containing composite oxide having the similar structure as that of LiNiC>2. 
Furthermore, although peak by Ka rays was also noted adjacent to the peak by Koci 
rays of Cii on the diffraction peak present at the range of 63° ~ 66°, according to this 
invention, only the peak by said Koti rays is considered as the diffraction peak present 
within a range of 63° ~ 66°. . 

Among above explanation, X-ray diffraction patterns of example 1, example 8, 
example 9, comparative example 4 and comparative example 5 are illustrated as 
Figure 1 ~ Figure 5. 

In addition, Table 2 shows the ratio (WIis) of integration intensity Ii 9 and I44 of the 
diffraction peaks nearby 1 8° and nearby 44°, *and the value measured on difference in 
diffraction angle 9a of two diffraction peaks present within a range of 63°~ 66°. 
Furthermore, lithium-containing composite oxide of the comparative example 1 is 
different in crystal structure from that of this invention; and in addition, lithium- 
containing composite oxide of the comparative examples 3 ~ 5 and reference example 
showed more than 3 diffraction peaks in the range of 63°~66° due to formation of 
hetero [varied] phase; and therefore, data on these compounds is not recorded in the 
Table 2. 
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1: Table 2, 2: X-ray diffraction measurement, 3: integration intensity ratio (WIis), 4: 
difference in diffraction angle 29 (degree), 5: example, 6: comparative example 
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According to the lithium-containing composite oxide of examples 1 - 7 that shows'O 
<y<0.2, integration intensity ratio I44/I18 was within a range of 0.9 - 1.2; and in 
addition, diffraction angle difference 0a ^was within arrange of 0.3°~ 0.6°. 
Furthermore, according to the ones of examples 8-10 that shows 0.2<y<0.4 , I44/I18 
was 0.55°- 0.75°. On the one hand, according to comparative example 2 and 
comparative example 6 of which composition escapes from this invention's range, 
either I44/I18 or 0a range is out of the range explained above; and according to the 
comparative examples 3-5 and reference example, more than 3 diffraction peaks 
were present in the range of 63°-66° as explained earlier. 

Then, true density was^Qieasured on the lithium-containing composite oxide of this 
invention's examples 1-10, comparative examples 1-6, and reference example. 
Results are shown in the Table 3. Furthermore, measurement error was ±0.03 g/cm 3 
at the maximum. 
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1: Table 3, 2: true density (g/cm ), 3: example, 4: comparative example, 5: reference 
example 
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According to the lithium-containing composite oxide of this invention's examples 1 
~ 10, true density was 4.57-4.82 g/cm 3 ; and in particular, according to the example 2 
and examples 7 ~ 10 of which stoichiometric composition , that is to say, the ones 
showing -0.015<x+a<0.015, true density became as large value as at the least 
4.7g/cm 3 . In particulaj^ccording to the examples 8-10 of which substitution rate y 
on element M was set to 0.2<y<0.4, the greatest value of at least 4.76 g/cm 3 was 
given. 
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On the one hand, comparative example 1 that is a conventional orthorhombic system 
composite oxide or comparative example 2 of which composition is far off from the 
stoichiometric composition, they showed as small as at most 4.5 g/cm 3 value; and in 
the case of comparative example 5 and comparative example 6 of which percentage 
of Ni and Mn were out of this invention's range , despite of them being on almost at 
stoichiometric composition, they showed decline in true density in comparison to that 
of above-explained this invention's example 1, example 2, and examples 7-10. 
Furthermore, lithium-containing composite oxide of the reference example also 
showed poor homogeneous property caused by formation of hetero [varied] phase or 
residual of nonreactants to result in more decline in true density than that of the 
lithium-containing composite oxide of the example 1 . 

At this time, although true density of lithium-containing composite oxide of the 
comparative example 3 and comparative example 4 is higher than that of this 
invention's examples, this is due to formation of LiCo02 of which true density is 
about 5.1 g/cm 3 as a hetero [varied] phase, and it does not mean that the composite 
oxide with true density shown in the Table 3 as a single phase was given. 

Then, discharge capacity was measured on the lithium-containing composite oxide 
of this invention's examples 1-10, and comparative examples 1-2 in the manner 
explained below. 

250 parts by mass of N-methyl-2-pyrrolidone was added to 20 parts by mass of 
polyvinylidene fluoride as a binder, and it was heated to 60°C to dissolve 
polyvinylidene fluoride in N-methyl-2-pyrrolidone to adjust a binder solution. To 
this binder solution, 450 parts by mass of above-explained lithium-containing 
composite oxide was added to as a positive electrode active substance; and in 
addition, 5 parts by mass of carbon black and 25 parts by mass of graphite were 
added as auxiliary conductors, and this was stirred to adjust a slurry-form coating 
material. This coating material was coated uniformly on both planes of aluminium 
foil with 20 |im thickness, and after it was dried, it was press formed by a roller-press 
machine, and then, it was cut to give a band-form positive electrode with 190 |im 
average thickness showing 483 mm side and 54 mm lengthwise. 

The positive electrode prepared in above-explained manner and negative electrode 
formed of lithium foil were used, and a separator comprising microporous 
polyethylene film with 25 jim thickness was arranged between each electrode, and 
nonaqueous solution in which LiPFe was dissolved at 1.0 mol/dm 3 concentration in a 
mixture solvent of ethylene carbonate and ethyl methyl carbonate at 1:3 volumetric 
ratio was used as an electrolyte solution, and reference electrode of lithium was 
arranged to assemble a cell for discharge capacity evaluation of positive electrode. 
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Current density against area of positive electrode was set as 0.2 mA/cm , and above- 
explained cell was charged up to 4.3V, and it was discharged down to 3.1 V at the 
same current density to measure discharge capacity. Thus measured discharge 
capacity is converted as per unit mass (mAh/g) and per unit volume (mAh/cm3) of 
positive electrode active substance; and the values are shown in the Table 4. 
Furthermore, discharge curves of positive electrode of the cells using lithium- 
containing composite oxides of example 1, example 6, example 8, comparative 
examplel, and comparative example 2 are illustrated in the Figure 6. 

1 : Table 4, 2: discharge capacity, 3: positive electrode active substance, 4: example, 
5 : comparative example 
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The lithium-containing composite oxide of this invention's examples 1 ~ 10 is 
capable of operation at high discharge potential of at the least 3.5V; and although it 
shows a large discharge capacity of 136 ~ 153 mAh/g, discharge capacity of 
comparative examples 1 and 2 show at most 130 mAJi/g; and furthermore, because 
true density of this invention's lithium-containing composite oxide is greater, that 
difference became more prominent based on the conversion of discharge capacity 
based on unit volume. 

In addition, in order to evaluate characteristics of nonaqueous secondary cell of 
above-explained lithium-containing composite oxide, nonaqueous secondary cell 
showing a structure below was prepared. 
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(EXAMPLE 11) 

A nonaqueous secondary cell was prepared by using each lithium-containing 
composite oxide of the example 1 and example 9 alone as a positive electrode active 
substance. Positive electrode was prepared by coating a paste that is formed by 
mixing 92 parts by mass of positive electrode active substance, 4.5 parts by mass 
man-made graphite, 0.5 parts by mass carbon black, and 3 parts by mass 
polyvinylidene fluoride on an aluminium foil substrate, and press forming after 
drying. 

Negative electrode was prepared by coating a paste that is formed by mixing 92 
parts by mass natural graphite, 3 parts by mass lpw crystalline carbon, and 5 parts by 
mass polyvinylidene fluoride on a copper substrate, and press forming after drying. 

Above-explained positive electrode and negative electrode were coiled via separator 
comprising a microporous polyethylene film with 16 (am thickness, and an electrolyte 
solution, the one to which mixed solvent of ethylene carbonate and ethyl methyl 
carbonate at 1:2 volumetric ratio, LiPFe was dissolved at 1.2 mol/dm 3 concentration 
was used to prepare a cylindrical shape nonaqueous secondary cell with 600 mAh 
capacity. Furthermore, mass percentage of the positive electrode active substance 
and negative electrode active substance was set as [(mass of positive electrode active 
substance)/(mass of negative electrode active substance)] =1.9. 

(EXAMPLE 12) 

A nonaqueous secondary cell was prepared with the same structure in the manner as 
explained in the example 1 1 by using positive electrode active substance prepared by 
mixing 70 mass % of lithium-containing composite oxide of the example 1 and 30 
pass % of LiCo02 ratio. 

(COMPARATIVE EXAMPLE 7) 

A nonaqueous secondary cell was prepared with the same structure in the manner as 
explained in the example 1 1 by using lithium-containing composite oxide of the 
comparative example 6, each LiCo02 and LiNio.8Coo.2O2 which are used alone for 
commercially available nonaqueous secondary cell as positive electrode active 
substance. 
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Cycle characteristics and high temperature storage characteristics were evaluated on 
the nonaqueous secondary cells of above-explained example 11, example 12, and 
comparative example 7. Regarding cycle characteristics, it was evaluated with the 
ratio of discharge capacity [capacity retaining rate (%)] after 100 cycles against 
discharge capacity of initial cycle period when charge and discharge are conducted at 
current value to 1C (600 mA). Regarding high temperature storage characteristics, 
changes in discharge capacity before and after storage conducting storage test that 
retains cells at 60°C for 20 days, in order words, comparison on discharge capacity 
before and after storage when charge and discharge were conducted at 1C current 
value is made to evaluate with the ratio of discharge capacity [capacity retaining rate 
(%)] after storage against discharge capacity prior to Storage. Results of these 
characteristic evaluation are shown in the Table 5. 

Table 5 

Cell Positive electrode active substance capacity retaining rate (%) 

Cycle characteristics high temp, storage 
Characteristic 



Example 1 1 example 1 96 97 

example 9 - 98 98 

Example 12 example i+LiCo0 2 94 96 

Comparative comparative example 6 92 87 

Example 7 LiCo0 2 88 91 

LiNio.gCoo.2O2 93 90 



The nonaqueous secondary cells of example 11 and example 12 using this 
invention's lithium-containing composite oxfde as positive electrode substance show 
excellent cycle characteristics and high temperature storage characteristics despite of 
use of a thin separator with 16 jam thickness; however, nonaqueous secondary cells of 
comparative example 6 of which composition is out of this invention's range or of 
comparative example 7 that uses LiCo02 or LiNio.8Coo.2O2 that is used as a positive 
electrode active substance in commercially available nonaqueous secondary cells 
show inferior cycle characteristics and high temperature storage characteristics to 
those by this invention. 

In addition, when characteristics of large current discharge was studied by 
discharging the cells of example 1 1 and example 12 at 2C (1200 mA), to the fact that 
the discharge capacity of cell of the example 1 1 was 525 mAh, the cell of example 12 
showed 573 mAh to indicate a prominent improvement on the characteristics. This is 
due to use of lithium-containing cobalt oxide mixed with this invention's lithium- 
containing composite oxide. 
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(EXAMPLE 13) 

Furthermore, a nonaqueous secondary cell was prepared by using a material that is a 
composite of Si and carbonaceous material as a negative electrode active substance. 
Si powder and man-made graphite were mixed in a planetary ball mill to form a 
composite, and thus given composite was sieved [classified] to give a negative 
electrode substance. As a positive electrode substance lithium-containing composite 
oxide of the example 1 was used to prepare a nonaqueous secondary cell with the 
same structure as that of the example 11. However, mass percentage of the positive 
electrode substance and negative electrode substance was set to 6.6. According to 
this cell, mass percentage of positive electrode active substance could be increased 
through use of high capacity material as a negative electrode active substance, and 
therefore, it became possible to increase discharge capacity by about 7% with the 
same size as that of the example 1 1 . 

When discharge capacity at 2C was measured on above-explained nonaqueous 
secondary^ cell, it was 605 mAh to realize a cell that shows excellent characteristics 
even in the case of large current discharge. This is considered due to such reasons as 
increase in mass percentage of the positive electrode active substance led to reduction 
of load on the positive electrode active substance during discharge to reduce decline 
of voltage. 

POSSIBLE INDUSTRIAL APPLICATION 
As explained above, this invention can offer a lithium-containing composite oxide 
with high crystal structure stability, good reversibility of charge and discharge, and 
high density by having a composition shown with a general formula of Lii+ x +o(i-x-y+ 
S )/2Mn(i-x-y- 8)/2M y 0 2 [however, it is 0<x<0.0$;. r 0.05<x+a<0.05, 0<y<0.4; and it is - 
0.1 <5< 0.1 (however, when it is 0<y<0.2), or'-0.24<5<0.24 (however, when it is 
0.2<y<0.4); and M is one or more types of elements selected from a group comprising 
Ti, Cr, Fe, Co, Cu, Zn, Al, Ge, and Sn]. 

Furthermore, it is possible to offer a nonaqueous secondary cell showing high 
capacity and excellent durability by using above-explained lithium-containing 
composite oxide as a positive electrode active substance. As above-explained 
lithium-containing composite oxide uses Mn that is abundant as natural resource-wise 
at reasonable cost is one of the main constitution element, it suits for a mass 
production as well, and in addition, it can also contribute toward cost reduction . 
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CLAIMS 



1. A lithium-containing composite oxide is characterized by the fact that has a 
composition shown with a general formula of Lii +x+ct (i-x-y+ 5)/2Mn ( ]. x . y . 5)/2M y C>2 
[however, it is 0<x<0.05, -0.05<x+oc<0.05, 0<y<0.4, and it is -0.1<8<0.24 (however, 
when it is 0<y<0.2) or -0.24<8<0.24 (however, when it is 0.2<y<0.4); and M is one 
or more types of elements selected from a group comprising Ti, Cr, Fe, Co, Cu, Zn, 
Al, Ge 5 and Sn. 

* 

2. The lithium-containing composite oxide according to the claim item 1, wherein 
said lithium-containing composite oxide is formed by firing [baking] a composite 
compound that includes at the least Ni and Mn as constitution elements, and Li 
compound. 

3. The lithium-containing composite oxide according to the claim item 1, wherein it is 
0<y<0.4 in said general formula. 

4. The lithium-containing composite oxide according to the claim item 1, wherein it is 
0.2 <y<0.4 in said general formula. 

5. The lithium-containing composite oxide according to the claim item 1, wherein it 
is -0.0 1 5<x+a<0.0 1 5 in said general formula. 

6. A method of manufacturing lithium-containing composite oxide having a 
composition that is shown with a general formula of Lii+ x + a Ni(i. x .yfg)/2Mn(i. x .y. 
5)/2M y 0 2 [however, it is 0<x<0.05, -0.05<x+(x<0.05, 0<y<0.4, and it is -0.1<5<0.1 
(however, when it is 0<y<0.2), or -0.24<8<0.24 (however, when it is 0.2<y<0.4); and 
M is one or more types of elements selected from a group comprising Ti, Cr, Fe, Co, 
Cu, Zn, Al, Ge. And Sn] wherein composite compound that includes at the least Ni 
and Mn as constitution elements and Li compound are fired [baked]. 

7. A nonaqueous secondary cell that has a positive electrode comprising positive 
electrode active substance, negative electrode comprising negative electrode active 
substance, and nonacjtieous electrolyte, wherein said positive electrode active 
substance has a composition that is shown with a general formula of Lii+ x+a 
8)/2Mn(i.x-y- 8)/2M 2 0 2 [however, it is 0^x<0.05, -0.05<x+a<0.05, 0<y<0.4, and it is - 
0.1<8<0.1 (however, when it is 0<y<0.2), or -0.24<8<0.24 (however, when it is 
0.2<y<0.4); and M is one or more types of elements selected from a group comprising 
Ti, Cr, Fe, Co, Cu, Zn, Al, Ge, and Sn]. 

8. The nonaqueous secondary cell according to the claim item 7, wherein said 
lithium-containing composite oxide is formed by firing [baking] a composite 
compound that at the least includes Ni and Mn as constitution elements and Li 
compound. 
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9. The nonaqueous secondary cell according to the claim item 7, wherein it is 
0<y<0.4 in said general formula. 

10. The nonaqueous secondary cell according to the claim item 7, wherein it is 
0.2<y<0.4 in said general formula. 

1 1 . The nonaqueous secondary cell according to the claim item 7, wherein it is 
-0.015<x+a<0.015 in said general formula. 

12. The nonaqueous secondary cell according to the claim item 7, wherein said 
positive electrode active substance is composed by mixing lithium-containing 
cobalt oxide at a range that is at most 50 mass % based on total active substance. 

13. The nonaqueous secondary cell according to the claim item 7, wherein mass 

1 percentage of said positive electrode active substance and said negative electrode 
active substance [(mass of positive electrode active substance)/(mass of negative 
electrode active substance)] is 1.5-3.5. 

14. The nonaqueous secondary cell according to the claim item 7, wherein said 
negative electrode active substance is at the least one that is selected from 
elements capable of forming alloy with lithium, alloy having the main body of 
these elements, lithium-containing composite nitride, and composite of these 
material and carbonaceous material. 

The nonaqueous secondary cell accordingto the claim item 7, wherein said 
nonaqueous electrolyte includes chain-foim ester. 

The nonaqueous secondary cell according to the claim item 15, wherein said 
chain-form ester occupies at least 50 volume % of total organic solvent includes 
in the nonaqueous electrolyte. 

The nonaqueous secondary cell according to the claim item 7, wherein uses a 
separator with 5 -20 jam thickness between said positive electrode and said 
negative electrode.^ 



Figures 1 through 5 

1: diffraction angle 20 (degree), 2: diffraction intensity 
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Figure 6 

1: discharge capacity (mAh/g), 2: potential (V), 3: comparative example, 4: example 
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[Note: 2 pages of International Search Report, which are translated into English, follow 
after these Figures. Translator's note] 



Translation requested by: Jim McDonell, Battery/Fuel Cell Patent Liaison 
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